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Appendix  A.  Composite  Test  Panel  Fabrication 

A1  Drawings 

The  following  figures  (Figure  A1  through  Figure  A13)  illustrate  the  Engineering  drawings 
created  to  fabricate  the  pyroshock  characterization  of  composite  test  panels  and  test  support 
hardware. 
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Figure  Al.  Al  Pathfinder  Panel 
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Figure  A2.  IM7/R913  Composite  Pathfinder  Panel 
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Figure  A3.  Al  Linear  Shaped  Charge  Plate 


NESC  Request  No.:  TI-12-00783 


Document  #: 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  9 of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  10  of  793 

Composite  Materials  Subjected  to  Pyroshock  Loading 


Figure  A5.  LSC  Shim,  10  gpf 
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Figure  A7.  Monolithic  Composite  Test  Panel,  Tests  1-5 
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Figure  A8.  Monolithic  Composite  Test  Panel,  Tests  6-10 
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A2  Composite  Panel  Materials 
A2.1  Pathfinder  Composite  Panels 

A series  of  five  pathfinder  tests,  which  were  not  included  in  the  baseline  T 12-00783  task 
assessment  plan  (see  Table  7.0-1).  The  objective  for  performing  these  tests  was  to  validate  the 
physical  test  setup  and  the  DAS  prior  to  embarking  on  the  baseline  tests.  The  first  two  tests 
utilized  5052  A1  alloy  plate  with  a thickness  of  0.187  inches.  The  material  properties  for  the 
IM7/R913  are  shown  in  Figure  A14. 
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O'  Tensile 

Modulus,  Msi 

«5P« 

10.1(698) 

- 

122(839) 

19  5(134) 

Stiain. % 

1.40 

- 

1.89 

1 51 

Gtr«n£h  ksi 
IMP.) 

145(996) 

152  (1048) 

• 

9 O'  Tensile 

Modulus.  Msi 
1 

10.3(71  fl) 

109(755) 

- 

Slram  % 

1.36 

1.34 

- 

Mechanical 

Properties: 

<r 

Stmocfh,  ka 

iMPa) 

121  (832) 

- 

224(1540) 

Compression 

ModulLS.  Msi 
(GPa) 

95(652) 

- 

17.9(123) 

90r 

Strength,  ka 
(MPa) 

116(796) 

- 

- 

Com  press  on 

Modulus,  Msi 

(GPa) 

97(665) 

• 

• 

0 Short 
Beam  Shear 

Stren^h.  ksi 
iMPa) 

■ 

104  (71 0) 

15.3  (105) 

0*  Flexure 

Stren^h.  ksi 
(MPa) 

- 

131  (902) 

* 

Moduli*.  Msi 

S2£*i 

- 

102(702) 

* 

Dry  Room  Tamper  Average  Vakitt 
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HexPly*  913 


Product  Data 


Form 

Glass  Fabric 

Q ass  Tape 

Category 

Property 

Parameter, 
Units  US  (SI) 

120GL/R913; 

7781GL.K913; 

3/  ’A;  3 00  AW 

S2GL,1W13;33%: 

28QAW 

Physical 

Properties: 

Proprog 

Resin  Content  (dryj,  % 

37 

37 

33 

Aroa  Weight.  gAn 

106 

300 

280 

Laminate 

Density.  $ycc 

1 83 

1 83 

1 80 

Mechanical 

Properties: 

Or  Tensile 

::tr*i«Th  k", 

70  9(489) 

65  3 (450) 

203(1400) 

Modulus  Ms  (GPa) 

3 1(21.0) 

3.2(22  0) 

6 4 >44.0) 

0 

Compression 

Strength  ksi  (MPa) 

89.3(668) 

66.7(480) 

160(1100 

Modulus  Ms  (GPa) 

4 1 (28 .0) 

6.7  (46.0) 

O'  Short 
Bean  Shear 

Strength  ksi  (MPa) 

10.7  (74.0) 

9 4 (68  0) 

11  9(82) 

0*  Flexure 

Strength  ksi  (MPa) 

104  1714) 

88  5(610) 

- 

MocUus  Ms  (GPa) 

* 

3 3:23  0i 

• 

«CryrtJo err  T*mp*fvlu  *•  Vgbet 

Cure  Cycle 


Pec  oromemjed  One 

60  cmnie*  at  25TT  ( 12S*C)  and  102  pei  ;7C<4ePa)  pressure  Hefllu:>f«le36T(2'*C)1e  14  4T  (8*C  | pec  mnuJe 
Altvnat  v*  Cura* 

Temperature  T PC)  T me  (Min) 

264TJ  140^2)  40 

302*P  (15CPC)  20 

2)20*  (100*0  10 

Comp uptoO  Il6irch*s(3mm)lhc*c«r  t»aredw>o*xl  a«**ilintr*  Kh*cuepwa*dth»:the  heel-up  f#e*r>ot 
more  tfun9*f  (5*C)frnr»j>e  »cr  tf’>ctorr  parti  a pence  u necessary  inthe  heel  up  to  ocoid  the  occurrence  ol a resn  wottemi, 
tiX  the  ovsli  penod  vrtl  depenc  ontb»nr*;s  ard  type  attoal  The  stand  a*d  cwttl  pen:><S  s 30  r>  rules  at  1951-  d.nnj  hejruip 


Tune  (minute*) 
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# 


HexPIv”  913 


Product  Data 


Storage 

Cut  Lf«  3C  days  i£  73T  I23*C  I 

Guaranteed  Shelf  Lde  12  norths  @0*  (t$*C) 

Storage  CondttJons 

H«*  Piy#  913  pro  pro  r.n  r»  Id  b*  -dcred  r.  rnawvod  n a ccot  cry  place  or  in  a rnfngeraVir  Altar  mmc\a  torn  rafngcratnr  ^lornga. 
p>preg  should  be  afiawtd  to  reachi  rwn  temperature  before  opening  the  po^ther*  bag.  tvis  prolong  condensiticn  <A  rut  c-*eei 
ci  ts  pec-agnc  ran  tone  up  to  4.$  rtojrs} 

Precautions  for  Ute 


Th*  usual  9'acaulions  wntn  nanajngLncuredsytf.’ietK  rastrs  and  tne  Ibrous  mat  end  3 shorJd  be  observed.  and  a Safety  Data 
Sheet  «t  avaia&ie  for  o*s  product  Tn»  use  of  ceean  dsposave  ire  ft  sieves  peo*des  pnettctior  for  tne  coerator  and 
oortam  nation  cl  mateml  end  components 


Preprog  rs  generally  stMpped  in  a seeled  polyethylene  bag  n refn9WTf.od  trmspcrtdSco  or  n cortsrers  with  dry  tcx 


Disposal  of  Scrap 

Disposal  of  thrs  material  snoiAd ta  in  e secure  andHiinocco*oencewcn  state  and  tede'al  regLlabm 


Important 


Hc»cd  Corporabori  behoves.  n pcod  lath  that  tna  torhni of  data  and  ochor  nformafc on  provided  hfl'ur  is  mcteruMy  accurate  at  at 
too  cetethii  document  i»  prepend  *ie«cai  reserves  the  right  to  moofy  such  n&rmaiicn  atanyime  Toe  perio,wance  v*u*s  mth*s 
data  sred  are  conaoened  upwattlve  but  do  not  end  should  not  constitute  specification  mnma  The  only  obligation*  of  Henoel. 
ozljdng  «vans~tc/:  t any  veil  bo  set  fertn  n a contract  zi  pried  by  Hotcol  or  m Hoxool's  then  curort  standard  Took  and 
Continent  of  Sate  as  set  ftrtt  on  the  bee*  of  Barcer*  DnJer  Ac*cfx*a*dgar'*r* 

For  more  information 


Hencet  is  a leadrig  woridnuto  supper  of  ccmpotrk*  -natonah  to  aerospace  and  drier  cternar dug  nduslnes 
Cu'ceotreharo/se  product  range  induces 


■ Carbon  Fiber 

• Ranlcre+d  sabnc* 

■ Cdifcon.  0 ass.  Aiamid  and  Hytnd  Precregs 

■ rtm  Meterets 


■ Lr  , ••••-:  ■.  •• 

■ He*  TOOL*  compose  tooling  materiel 

■ Sbrj-lurai  Ftm  Adhesves 

■ Honeycomb  Corea 


For  US  ijuoees.  orders  and  product  mtomeiion  ceil  to  i-**e  t-$00-6ti$-7734  For  other  word*  sales  off  ce  teiepnone  numters 
end  a fuloldrees  list,  please  dick  hare  rtf owt**  !>■  :?!  ccmfrontarcAflevyices 

Copyogm  *5  2014  - M**cei  Corporation  - am  Rights  Reaonpd  m ox-core  «s  a trademark  of  Harcet  Corporation.  Stamford 
Connecticut  OWOMEx  is  a re^ste'ec  trademark  cl  E i DuPont  de  teemcu'S.  vverrimgcon.  Delaware  □ h*»w*t  Ftx»tn>sk 
HFT,  HWM,  •IRP,  Here*!  and  the  Nexce!  logos  are  *«9  stored  Irademarts  dMexcai  Corporation,  Sta-nlonJ  Ccmediat 

JUre  2014 
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Figure  A 14.  Hexcel  IM7/R913  Material  Properties 
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A2.2  Task  Baseline  Composite  Panels 

The  IM7/TC350  composite  material  manufactured  by  TenCate  Advanced  Composites  was 
chosen  for  fabrication  of  the  task  baseline  composite  test  panels.  The  material  is  a 350°F 
toughened  epoxy  resin  system  for  structural  advanced  composite  applications,  which  include 
space  structures.  The  composite  is  available  in  both  tape  and  fabric  prepreg  formats.  This 
material  was  chosen  over  the  more  commonly  used  IM7/977-3  composite  material  for  aviation 
and  aerospace  applications  primarily  due  to  long  lead  time  for  procurement  (29  weeks).  The 
material  properties  of  TC350  (shown  in  Figure  A15)  and  977-3  (provided  herein  for  reference  in 
Figure  A 16)  are  similar. 
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TECHNICAL  DATA 


$?TENCATE 


I tNCAl  t ADVANCED  C0MP0SII ES  USA.  INC 


TC350 

Resin  System 

PRODUCT  TYPE 

35ft*  F07PCI  Cue 
Toughened  Epo*y  Reso  System 

TYPICAL  APPLICATIONS 

• Aia^dtSwiictues 

• Sp«e  Smjztues 

• Radies  andArtewae 

• Reflectors 


PRODUCT  DESCRIPTION 

TC360  is  a tcu^eied  resin  system  lor  Sbudbural  amerced  ccmposte  applications  TC3S0  offers 
an  ewelent  be  lance  of  tcujmess.  me oan»:al  property  trarslatcn  and  hct/wet  perlcrmance  and 
is  easiy  processed  va  a Jt octave  cr  press  cunrg  operations  "C3SC  develops  a 3S7^f-  C203*C)  Tg 
after  a 3SC*F  J1 7?*C)  care,  which  cojpled  v,  t»  w.  moisture  atooiptitcr  trans ales  ntc  esc*  lent 
botiWetp^frrrrarce  TC330  £ actable  with  virtual  V afl  fiber  reir^orcements  in  unidrecflcnal 
tape,  *W  indreciioni  tape.  wcvai  and  norvtvowM  pr  eprerj  *iunai$ 


TC350  PRODUCT  BENEFITS 

• Excellent  MecftarralE’roperty  lran-iaim 

• Higi  loudness 

• Easy  FYooess  r# 

• Excellent  Tack  Properties 

• ' r . • t ■ • ■ - . 

• GoodSufacrgFVnptttes 


SHELF  LIFE 

Tail  bfe 

21  cays  tack  life*  77°F|2$*C| 

Out  Ire 

60  cays  out  life  7?*f  (25*0 

facer  Storage  Lre 

12  mortis  storage  Pe  at  <0*F !-  18*C) 

Tad  We  * the  lime  durng  wfneb  the 
prepreg  letams  wxi^  tack,  dwand 
handng  for  easy  component  lay-up 

Out  life  .s  the  max  mum  trie  allowed 
at  merr  temperatue  before  o/e 


r 


TC3SP_os_<m&tr 


TYPICAL  NEAT  RESIN  PROPERTIES 

Dry  Tg  (try  GUM 
WftTgObyOMAl 

Get  Time  


1 29  g/oc 

38?f  i203*C)  cured  at  350**'  |1?PC| 

2m  IISC^C)  cured  at  3S0*:  |17X*C| 
after  saturate  at  85%  RH  and  16C*F  {71*0) 
10- 12  minutes  at  350°F<177eC> 


LAMINATE  DATA  USED  IM-7 12K  150 gun  FAW 


Ptopflrt 

Condition 

tflTD.  ETC.  HYT; 

MU  bod 

R»WI*h 

VaieSt*  «/b0* 

PTO 

«TM0X5f) 

»2  M 

36M  7*Vi 

1*10 

ASIMD 

2lAt>) 

aseiCP-i 

VveStsntfbO* 

£7W 

A:TMD  y.y) 

7Mt) 

24I3MV 

'arjifl 

fTW 

ASTM  D VjS 

737  M«) 

•6S|GFs| 

Vsi*$r  *q*ur 

CTO 

ASTMDX39 

353fr»> 

auuaPfti 

VsieklrAfcsCP 

CTO 

AS1MQX39 

236  Ms] 

«27(Gfel 

5«reSt»ige>SC' 

RTO 

A'  TM  D X<B 

uses: 

867^s( 

rf*5neM:Afc3<©* 

FID 

ASTMDEM 

lflMaJ 

dim 

•tfaeSttnytiSTT 

CIO 

AS  IM  1)3009 

■ 

ao 

A ■ IM  D XG9 

15IM>1 

IQ5)jPil 

Ccn;iczM«Sb«Qb  L* 

FTO 

ASTM3*4f 

2T5M 

teisMPii 

Cui;t«J**M*dutGe 

PTO 

ASIM0  3WI 

21AM 

*44  i iljPt  i 

Carcrexiw!  Stoapti  T 

nw 

AS  TM  D aBCI 

i»fi)bi! 

ta«MPai 

Con:trtSM»M«dy*Ce 

ETW 

ASTMDflWI 

205  MsO 

M13(GPl) 

Conrira  *•  Sttccti  0" 

ao 

ASTMDS5I 

32S6*s| 

ZMSTjPai 

Carurtta**  MocUuiC* 

ao 

A'TMDaEAi 

23  1 MjO  . 

ffiSJfOftsi 

C«n:f«3w  Sttwcti  30* 

FTO 

ASTMDdSit 

42G*a: 

29iCVf*il 

m*  Mu  iiis  SO* 

FTO 

AilMDawi 

1 4 IM*I 

■ - 

Corpus**  Suercti  9C* 

CTO 

AiTMDdWI 

©5*a; 

610  ATil 

CuUTC&BIM  Muillfi  5fT 

ao 

J$1MD«4l 

I70M 

II79jPi| 

Civile*  7 
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TECHNICAL  DATA 


$?TENCATE 


I fcNCAl  t ADVANCED  C0MP0SII ES  USA.  INC 


TC350 

Resin  System 


LAMINATE  OATA  USED  IM  7 12K.  UiOqwn  FAW 


Prnp*rti*h 

Coedtaon 

wminuiw 

Malhorf 

R««»fc» 

Op* 

RID 

- •••  fry 

61  9 Ml 

4ZJ(Vf»t| 

Op  fir  HdcTmala  $T«n|* 

ETW 

AST/ DO'* 

WbMI 

CIO  Mb! 

CTO 

AST/ 057* 

56  9 Ml 

4»(vrii 

Upce  HcloConp 

RID 

AST/ D 6494 

44  3 Ml 

3KM>1| 

O&eHdeGwv 

ETVV 

AST/ DM51 

3G2MI 

222  Wal 

MdHciefemleSlwtpfc 

RTO 

ASTID6742 

6281ml 

C33C.Pi! 

MrtKaale**  Cpart«ti 

HW 

AST/ 06742 

mjmi 

C4)Mb! 

r*«1KcieTe*eSlWTcd> 

CTO 

AST/ D 6742 

flUMI 

ciGMil 

Mel  fiifl  Ixsnp  Steujti 

RID 

ASTMD674? 

61 7 K»l 

CZ*Mi! 

HWIWeCanp  5tr<jJi 

rw 

AST/ 0 0742 

51 J Ml 

£6  Mb! 

CMiBIUQalb 

RTO 

ASTMD7W13? 

375  Ml 

.WMii 

In  PU«e  $&**$*  W-45* 

RTO 

AST/ 035^ 

IS  3 Ml 

105  Ml! 

In  Rato  Lh«rMc<  !«,'45| 

RTO 

AST/D  3STS 

072(7ia: 

50G^ 

In  Rea  She*  $•  y 

CTO 

astwo*^ 

19  9 Ml 

137  Mb! 

In  Plato  Sho*M<rt  n,'45| 

CTO 

AST/ D 35’.= 

OlAiWa: 

S8GPai 

SniJeJl***!'  ftuttifSQ 

RTO 

AST/ D 8961 

' \\  ! 1:  1 

918  Mil 

SndeShw  :«m»f  Sft 

nw 

AST/  D SKI 

Ml 

*?4*/Pi) 

usscr 

RTO 

AST/ D 7344 

U6  Ml 

121  Mil 

ilSSOr 

tTVV 

AST/ D 2341 

aafti! 

itSSnr 

CTO 

AST/ D 7344 

tttfta} 

153  Mil 

ILSS  f/EKl  0° 

RTO 

AST/D  23U 

i:  5 - 

t207«/P») 

- AkTKfc*  SO- lOOfiu  fttv.nwW 

- War  Jonattfrunp jMrfrma/  jf  W7 P f AH  ik*V  tttu 

fM BjHhvrm  for  ASS  f«C*y  «vr  firrArm&Jje  Ai&mtnvn  umi  far  JW  sto«  of  XFFWQ. 
iWeSofirn'ClcrDis  & *fisrcj 


(CXDJISJMTSII 


rest  TOUGO!  AE  D ( POXY  Rl  SIN  SYS  1 1 ME  Cvi  cvcfa 


♦ AppVJ5ir»:h« 

v»cojn  rr  mrum 

♦ Af  PV  >40p;i 

®*A0daw* 
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TECHNICAL  DATA 


$£TENCATE 


I tNCAl  t ADVANCED  C0MP0SII ES  USA.  INC 


TC350 

Resin  System 


EPOXY  PREPREG,  ADHESIVE  AND  RESIN 
GUIDELINES  AND  HANDLING  PROCEDURES 

The  Id  to*ing  gudei  nes  are  pwded  to  our  astomer  to  sss-re  that  aft  ojskoers  are  aware  of 
the  prxtCLres  to  atian  the  best  possfcle  results  from  Ter/Cate  Advanced  Composes  {TCACJ  Esary 
products  'hese  r esm  systems  will  provide  sound  composite  hardware  arc  structures  if  seme  simple 
procedures  are  followed 

keep  nmol  that  these  procedjes  a'e  good  practice  for  all  composite  preoeg  ard  actoesive  mate 
r als  and  should  he  used  ttherwv*'  pr.ss.Ne 

FREEZER  STORAGE 

Epoxy  r«in  iramals  have  rred  ?f*>lf  If*  at  room  temper  artuo  howovr*  tho  Ido  af  d pwf  ormareo 
cffhimaletia  t$  best  preserved  with  t*#  foltowmg  base  gudWnw  3t!tf  to  the  sfwtf  Ho  irctod- 
ud  m tic  proixt  cwUhcafts  The  «pwy  material  should  be  sealed  n an  amigM  t»-xj  and  kepi 
froren  botow  KPf  (•  l?*C|  wtion  not  bo  ng  used  for  br>g«t  liAe  and  most  consistent  pernxmaroe 
A good  safety  rtwjj*  is  to  *iawe  a bag  of  dosccanl  (Silica  Moisturt  AfctKrbei  I n 1*  ooio  of  the 
preprog  roll  ju£l  incase  a pinole  m fie  bag  cr  otn*  pvobfem  occurs 

MOISTURE  ABSORPTION  AND  SENSITIVITY 

Wh  ie  wry  resetant  to  mo  store  stooiptNVi  after  cue,  epccoes  can  be  ai.ers?l/  affected  ay 
moisture  uptake  prior  to  are  For  ihts  reason,  all  materials  must  be  Thorough  Thawed'  to  room 
ttftnptrtUtt  pttor  to  opetri y the  jva  ed  bag  to  a#vc  condensation  on  the  natet ill.  Abu.  it  is  gcud 
prad  ee  to  v«p  preprog  and  n process  hardware  n a seated  tag  cr  vacum  oay  if  to  bo  toqposed 
to  aftmospnere  lor  long  periods  ol  time 


MANDUNG  OF  MATERIALS 

When  hiand  rg  arr^  prepreg  materials,  one  should  atoays  be  wear irg  clean  powder-free  atex 
gto.es  Thts  w ; assure  that  no  hare  <*ts  are  transferred  to  the  crepreg  antfrer  composne  currg 
processng  'he  presence  ot  oils  r the  pert  could  lead  to  prctlems  n both  mechanical  ard  elecfcrcal 
perfamance  of  tie  part  This  also  guards  aganst  any  denratit-s  fiat  could  occur  wifi  certan  users 

NON-METALLIC  HONEYCOMB  AND  FOAM  CORE  USE 

Whenujing  Non-Metal  he  honeycomb and  foam  cere  mater $1$  fee  xamittin  structure*.  Ihemait*- 
r afcs-n  .jkl  always  be  dried  nan  own  pr >jr  to  layup  tc  dr  vr  nft  a y moisture  thatir ay U ritt> 
core*  The  r ^e»  tal  shcetd  tt*n  bo  ox**d  m the  presence  of  a dcsxcirt.  to  d«*\>kl  any  moisture 
intake  Fnll'rwmg  tus  pnoedne  « i$  always  a good  idea  to  use  th*  material  as  soon  as  possible 
toawu'J  re-hr/dralicn 

Recommended  tore  Ory  Tme/TwnpL  2W  1121*0)  Bur  J 4 Hours 

SEIF  ADHESIVE  PROPERTIES  AMO  FIIM  ADHESIVE  USE 

1C  AC  epoxy  rears  have  been  f emulated  to  hsve  gcod  sed-atiesive  prepertes  to  core  mater  - 
als  Hwreve*.  thus  tfwjki  not  be  taker  as  a green  l^t  to  elminate  a fikn  adhesive  ficn  a cored 
structural  piece  of  hardware  The  option  has  been  given  by  TCAC  for  customer s who  are  locking 
lor  the  best  electncal  properties  available  by  not  usng  a film  adhesive  TCAC  recommends  that  tie 
structural  mtegity  be  verified  you  specification  pr  or  to  end  item  usage  ard  takes  rc  responsibility 
otherwise 

H this  option  b exercised,  the  tollowirg  modified  cure  eyrie  has  been  ford  to  work  well 

1 Namp  the  part  to  150*f- 1 $3*1166*0  -71*CHKeep  Ftessue  <15  F*si) 

2 Dwell  fa  approx  mate  v 1 heur 

3 fiamp  the  pat  to  ne  dictated  cue  temperature  tor  :he  resn  ard  cue 
per  the  provided  randard  cue  cyde 


Ps^g3ef4 


iCXDjlSjMTSII 


PROCESSING  METHODOLOGY 

Epoxy  resira  can  be  pr  xessed  usirg  an  Autoclave,  ^ess  Fyessclave.  or  Over  CLre/Vaoun  Bag 
For  any  application  where  :he  opt  num  properties  are  reeded.  TCAC  recommends  the  use  of  an 
auiocla^ 
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TECHNICAL  DATA 


9?TENCATE 


I tNCAf  b ADVANCED  COMPUSI I LS  USA.  INC 


TC350 

Resin  System 


LAY-UP  AREA  ENVIRONMENTAL  CONTROLS 

TCAC  feccmmerds  trwrf  any  cample  or  acbesn*  lay-up  be  performed  mac  lean  yea  wtMy 
free  from  dust  Arty  work  suites  should  luev.  -.e  be  tree  of  rest  lie.  lusrt  or  debris  No  eating  cr 
smoking  stall  oe  ditched  n the  stop  a ea  For  ratone  materials.  .:ondct  ne  m&enals  shall  not 
be  allowed  n tf*  process  are*  The  prccess^o  area  should  be  mantainM  tervueen  WF  to 
90*F|16<C  to  37^1  with  a humidity  cd  rc  peater  than  70%  rH 


BAGGING  FOR  CURE 

TCAC  reccmmerds  that  Epowy  cornposoe  parts  bagged  lor  are  should  be  performed  as  loiters 

1 Rebate  the  tool  surface 

7 Layup  part  1/5*15  standard  debuting  procedues 

3 Dam  the  edges  of  the  part  Icr  are 

4 Place  cne  pty  ot  porous  le?lcn*cr  perforated  TettonP  onto  the  bag  &rta»  ol  tie  pari 

5 Place  bleach'  layers  over  porotis  T^lnn*  materiel  and  trm  m tie  part  periphery 
t Place  e am-paous  layer  cf  Teflon*  over  the  ptf 

f Util  zc  a br^ficr  cfctn  to  facilitate  weoujm  iaw 

8 Int  ill  vabjum  hag  on  ttie  tool  lor  are 

$ follour  ttw  provided  TCAC  cure  eye e lor  the  partialar  resm  system. 


COMPOSITE  LAMINATE  STACKING  SEQUENCE 


1IST  OF  MATERIALS 

t Tool-eUnrium.  suel  b#e*.  compose*  itool  plates  mjstUi  ‘eWasrcosteicr  f tm ceueredl 

2 cn.it  or  ilm  Fretmie  POONC  or  770MC.  TER  TEOlAR 

3 Sfoene  Edge  term  - Thictor  tan  Innate 

4 lamina* 

5 Release  real  or  ilm  - Fretote  700NC  or  770ND,  ffiR  TEOlAR 

6 ^iptate-alirrirum  steel  tuar  iilcone  riser  she* 

Jmiai  caul  plain  rat:  be  rebate  coaled  cr  trapped) 

7 72  osy  po^tslu  txualtar  - 1 ct  mr« 

8 i^cujnnMg 

9 ^acu/n  seata* 

10  Gtelt  i am  $»m;  latter  at**!/  or  atet  -rail*  trader  may  *rap  o«er  too  ot  dam  re  contact  *Jgd 


»ca»rr 

AH  doa  green  s facef  cn  nqr ^'wtattvuxnpice 
» i/Vvmzff'tcdi  wjuntHn,  Snctlht  Mwthad  and 
c,xuruxir)oti  tew  ythcM  these  xxat av 
pxcetsed  TirMaMav  key  to  theirptrfmnnct, 
■vfd  TtoCfefe  Advanced  Conpctwet  i&A,  he, 
has  no  assurance  c.f  haw  ms  rwt&ren  wdS  uje 
i*v  Mieunal..  The  carportaJcn  comae  g^rmtee 
yvtr  properna. 

P*V4ct4  KmjULjBlSU 


TEMCATF  AOVANCFO  COMPOSITES  USA  INC 
1841C  Butterfield  8lvd 
Morgan  Hill.  CA  9503? 

Tol  406  770  0700 
Fax  403  776  0107 


2450  Cordelia  Road 
Fawfiold.  CA  94534  USA 
Tel  707  369  3400 
Fax  707  369  3469 


ISO  9001 
AS  9100 
Rogistorod 


www.tencate.conn 
E-mail:  tcac  usa  •*  tencate.com 


Figure  A15.  TenCate  IM7/TC350  Material  Properties 
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UATEPJALS 


CYCOM®  977-3 


Epoxy  Resin 

Description 

Cycom  977-3 is  a 35Q*F  (17T*C)  curing  resin  It  is  a toughened  epoxy  resin  with 
350*F  (177*C)  rfy  and  270*F  (132*0)  we!  service  capability. 

Cyccnr.  977-3  is  form  dated  for  autoclave  or  press  molding  and  can  be  cured  at 
350°F(177°C)  for  six  hours 

Undrectional  tape  and  woven  fabre  impregnated  with  Cycom  977-3  will  retain 
tack  for  21  days  at  72*F  (22*0)  It  has  a longer  mechanical  out  life  suitable  for 
fabrication  of  large  structures 

Features  and  Benefits 

35(FF  (177*C)cure 
Available  on  fabnc  and  tape 
350*F  (177*0)  dry  service  temperature 
270*F  (132°C)  wet  service  temperatue 
laminate  and  sandwich  panel  usage 
Autoclave  or  press  mold  processing 
Toughened  epoxy  using  Cytcc  Engineered  Materials’ 
proprietary  “co-continuous'  morphology 
Impact  resistant 
Shelf  Life 

■ 1 year  at  0*F  (-18*0  ) 

• 21  days  at72#F(22*C) 

Applications 

• Aircraft  primary  and  secondary  structire 

• Races  where  impact  resistance  is  critical 

• Races  where  hot  wot  performance  is  cruci  a! 


A3*. 


Paget 


For  more  information  contact: 
Cytec  Engineered  Materials 
Teel  mica  I Service 
4300  Jackson  Street 
Greenville,  TX  75402 
903-457-8500 
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CYCOM  977-3  Epoxy  Resin  (Continued) 

Typical  Resin  Properties 

The  following  fgire  is  a typical  viscosity  curve  for  a ramp  rate  of  2*C/mi?v 


977-3  Viscosity  Curve 


Cued  Resin  Oensity  = 1 .29  g/cc 


Cured  Meat  Resin  Properties 


Compression  Yield 
Strength  (ksi) 

St/enqtft  (tAPa) 

RT 

27  ±0  3 

m±2.i 

2S0*F/Wet 

(121XAVct) 

Flexural 

Strength  (ksi) 

21  ±4 

10  ±0.4 

ModjUs  (Ms; 

OSS  ±0.01 

0 35  ±03 

Strength  (MPa) 

144  ±30 

70  ±3 

Mod  j Us  (GPa) 

3.8  ±0.07 

2 4 ±2.1 

Kic  (MPa  m'*) 

0.9  ±0  08 

Gi  ,.  (J/m  ) 

217  ±24 

RDS  DMATg  (°C) *' 

G* 

178 

G* 

189 

Tan  Oefca 

190 

Notes 

V tested  at  5#C/mm 

2/  Cured  at  355*F  (180X)  foe  6 hours 

3/  Wet  = 7 day  water  immersion  at  160*F  (7 IX) 

4/  Flexural  testing  preformed  ushg  a 3 point  loading  fixture  at  a 16:1  St 0 ratio 

5/  Ki:  and  G|C  tested  using  3 point  bendng  mode 

Pag®  2 
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CYCOM  977-3  Epoxy  Resin  (Continued) 


Typical  Prepreg  Properties 

5 Harness  Satin  (5HS)  Fabric 

Standard  Modulus  Carbon  Fiber  (33  Msi  / 228  GPa) 


Typical  Cytec  Engineered  Material  Product  Code  Cycom  977»3/5HS  AS4  6K; 


Mechancal  Properties 

-65*F 

(-54*C) 

RT 

25CTF 

(121*C) 

0ft  Tensie  Properties 

Strength,  ksi 

126  ±24 

Modules,  Msi 

9 8 ± 0 6 

Strength  MPa 

869  ±165 

a^Ma,  GPa 

68*4 

0*  Interlaminar  Shear  Properties 

Strength,  ksi 

13  ±2 

Strength  fAPa 

90 1 14 

Unidirectional  Tape 

Intermediate  Modulus  Carbon  Fiber  (40  Msi  / 276  GPa) 


Typical  Cytec  Engineered  Mat  eras  Product  Code  Cycom  977-3/1M7  12K 


-65*F 

Mechaneal  Properties  ^ S4*C) 

RT 

250*F  Wet 
(71*C) 

0*  Tcnsle  Properties 

Strength,  ksi 

364 

Modulus,  Msi 

23  5 

Faiure  Strain  (%) 

146 

Strength  tAPa 

251Q 

Modulus,  GPa 

162 

0*  Compression  Properties 

Strength,  ksi 

244 

195 

Modulus,  Msi 

22.3 

21.2 

Strength  tAPa 

1682 

1344 

Modulus.  GPa 

154 

146 

0°  Flexural  Properties 

Strength,  ksi 

256 

162 

Modulus,  Msi 

21.7 

21.2 

Strength  fAPa 

1765 

1117 

Modulus,  GPa 

150 

146 

0°  Intelaminar  Shear  Properties 

Strength,  ksi 

185 

114 

Strength  MPa 

Compression  Alter  Impact  (ksi) ?n 

23 

Notes 

1/ Wet  = 1 week  immersion  m 160*F  water 

2/  25/50^25  Orientation  and 

3/  270  m lb  impact  levels 

Pa*  3 
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CYCOM  977-3  Epoxy  Resin  (Continued) 

Preparation  for  Laminate  Curing 

Treat  surfaces  that  lay-up  will  touch  wth  a release  agent  As  each  pty  of  material  is  positioned,  work  out 
any  wrinkles  or  entrapped  air  wth  a paddle  or  roller  before  removing  the  backing.  Take  care  not  to  distort 
the  material  during  lay  up.  Insert  a thermocouple  into  the  lay-up  near  the  center  ply  of  the  thickest  edge 
section , outside  the  net  tnm  line 

To  eliminate  porosity,  keep  the  resin  under  pressure  dunng  cure  wth  the  use  of  compressible  dam  Norv 
pcmcablc  fluorocarbon  coated  fabric  should  be  placed  over  lay-up  to  protect  the  bag  system  in  vacuum 
or  autoclave  cures 

kistall  a vacuum  bag  by  standard  techniques  insert  at  least  two  vacuum  ports  through  the  bag, 
connecting  one  to  a vacuum  source  and  the  other,  at  a point  furthest  away  from  the  source,  to  a 
calibrated  vacuum  gage  Positron  part  in  oven  or  autodave  and  draw  vacuum  to  check  for  bag  or  system 
leaks  The  following  figure  shows  the  recommended  lay-up  $h  CYCOM’5’  977-3  materials 


Cycom  977-3  Recommended  Lay-up 


rz 


/ 


mmntt  put* 


acajp  mug  rxx 


3 


wu>  ma  fiff 

Y/ 

A Z 


1 


> v ACWV  trjkLPl  T*Tf 


1 I 

v_l 
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CYCOM  977-3  Epoxy  Resin  (Continued) 

Recommended  Cure  Cycles 

The  flowing  cure  cycle  is  recommended  for  molding  CYCOM  v 977-3  materials.  Cure  cycles  should  be 
t3tfored  based  on  application 


Cycom  977-3  Reccnincndcd  Cure  Cycle 


Pa*  5 
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CYCOM  977-3  Epoxy  Resin  (Continued) 


Product  Safety 

Materials  Safety  Data  Sheets  (MSDS)  can  be  obtained  from  Cytec  Engineered  Materials  by  ca4ng 
903-457-8500 

Product  Handling 

The  wearing  of  clean,  impervious  gloves  is  recommended  when  working  with  prepreg  materials 
See  MSDS  for  more  information 

Shipping 

Prepreg  is  typical y shipped  as  rolls  in  sealed  polyethylene  bags  in  cardboard  containers  packed  with  dry 
ice  or  by  refrigerated  carrier 

Disposal  of  Scrap  Material 

Disposal  of  material  shot! d be  in  accordance  with  federal  rotations  as  well  as  local  and  stat  reg  Jations 
that  may  vary  by  location 

Warning 

The  data  listed  has  been  obtained  from  carefdly  controlled  samples  considered  to  be  representative  of 
the  product  described  Because  the  properties  of  the  product  can  be  s gnricantfy  affected  by  the 
fabrication  and  test ng  techniques  employed,  ard  since  Cytec  Engineered  Materials  does  not  control  the 
conditions  under  vtfuh  its  products  are  test  ng  and  used,  Cytec  Engineered  Materials  cannot  guarantee 
that  the  properties  ksted  *il  be  obtanec  will  other  processes  and  equipment. 

The  is  a technical  data  sheet,  not  a specification.  The  suggestions  and  data  in  this  bulletin  are  based  on 
information  we  bekeve  to  be  reliable  They  are  offered  in  good  faith,  but  without  guarantee,  as  condcions 
and  methods  of  use  of  products  are  beyond  our  control  We  reocmmenc  that  (he  prospective  user 
determine  the  suitability  of  cur  matenals  and  suggestions  before  adopting  them  on  a commercial  scale 
Suggestions  for  uses  of  our  products  should  not  be  understood  as  recommendations  that  they  be  used  in 
in  elation  of  any  patents 


Pay  6 
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Figure  A16.  Cycom  IM7/977-3  Material  Properties 
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The  Group  I monolithic  composite  panels  were  fabricated  using  both  tape  ply  and  fabric  ply  in 
thicknesses  of  0.20  inches  and  0.30  inches.  Depending  upon  the  type  of  ply  used  (tape  or  fabric) 
and  the  desired  panel  thickness  determines  the  number  of  plies  required  for  composite  layup.  As 
a rule  of  thumb,  the  typical  thickness  for  the  tape  ply  is  approximately  0.0055  inches  and  for  the 
fabric  ply,  the  typical  thickness  is  approximately  0.01 1 inches.  For  the  0.20-inch-thick  tape  ply 
panel  38  plies  were  used  and  54  tape  plies  were  used  for  the  0.30-inch-thick  tape  ply  panel.  For 
the  0.20-inch-thick  fabric  ply  panel  18  plies  of  fabric  ply  were  used  and  for  0.30-inch-thick 
fabric  ply  panel  27  fabric  plies  were  used.  For  the  monolithic  panels  the  ply  layup  was  either 
unidirectional  (0°  (longitudinal  with  regard  to  the  panel  length))  or  symmetrically  quasi-isotropic 
(45 7-45 7070745 7 -45 790790°)n. 

For  test  Groups  II  and  III,  composite  sandwich  fill  panels  were  fabricated.  Two  fill  materials 
were  chosen  for  the  sandwich  panels,  which  are  typically  used  for  aerospace  applications;  A1 
honeycomb  and  ROHACELL®  foam.  The  fill  thickness  was  held  constant  at  1 .000  inch, 
regardless  of  the  fill  type.  Eight-ply  (either  fabric  or  tape  ply)  IM7/TC350  composite  face  sheets 
were  fabricated  and  bonded  to  both  sides  of  the  fill  material  with  Cytec  FM300  structural 
adhesive  (reference  Figure  A17  for  the  FM300  adhesive  material  properties)  and  Scotch-Weld 
AF555M  structural  film  adhesive  (reference  Figure  A18  for  the  AF555M  film  adhesive 
properties)  to  make  up  the  sandwich  panels. 
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CYTEC 


TECHNICAL  DATA  SHEET 


AEROSPACE  MATERIALS 


FM®  300  Epoxy  Film  Adhesive 

DESCRIPTION 

FM*  300  is  a modified  epoxy  film  adhesive  available  with  three  differ* nr.  rnoriture-resistant  polyester  carriers.  It  * designed 
for  bonding  mcrtal-tOHnetal  and  sandwich  composite  structures.  To  achieve  Utimatr  environmental  resistance  in  bonding 
aluminum  detaiby  use  pre-curcd  QR*  127  primer  with  FM  3CO*iim  adhesive. 

Extensively  used  as  a surface  finished  ply  on  composites  material  outside  layers,  FM  300  film  adhesive  has  unique  properties 
which  drastically  reduce,  and  in  some  cases  virtually  eliminate,  time  consumer g sanding  and  If  ling  operations. 

FM  300  film  adhesive  has  high  elongation  and  toughness  with  high  ultimate  shear  strength.  This  makes  it  perticu  arly  soluble 
for  redistributing  the  Ngh  shear  stress  concentrations  of  graphite  epoxy-  bo-metal  bonds,  and  allows  It  to  accommodate  the 
low  interlaminar  shear  strength  of  the  composite.  It  is  particularly  good  in  fatigue  resistance  in  these  Joints-  In  properly 
designed  and  processed  joints,  the  tight  knit  tricot  carrier  provides  a oegree  of  electrical  isolation  between  metal  and 
graphite  composites  to  reduce  galvanic  corrosion. 

FEATURES  & BENEFITS 

• Supedoc  metalto-metal  peel  strength,  comoodte-to-compostte  bonding  and  composSte-to-metai  joints 

• Extensively  used  as  surfacing  ply  for  composite  materials 

• Service  temperature  from  -67*F  to  300*?  ( SS^C  to  1 50*0 

• Excellent  moisture  and  corrosion  resistance  in  high  humidhy  environments  with  no  ignlfkan? 
reduction  in  mechanical  properties 

• Allows  x-ray  inspection  of  assembl  es  duo  to  natural  opacity  of  adhesive  formulations 

• Aval  able  In  a wide  range  of  him  thicknesses  tailored  to  spedfk  applications 

• Industry  wide  acceptance 

SUGGESTED  APPLICATIONS 

• Metako-meta!  bonding 

• Composite  to  composite  bonding 

• Composite-to-metal  bonding 

• Composite  surfacing 


www.cytec.com 

OM13  Cytcc  rnoustrftt  J*e.  • AIAD4XXW  PxslU  • 9 October /or 3 
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CHARACTERISTICS 

Table  1 1 Product  Description  for  FM  300  Adhesive  Films 


Product  Number 

1 

Weight 
psf  (gsm)' 

nominal 
Thickness, 
inches  (mm) 

Color 

Carrier 

Characteristics 

FM  300  film  adhesive 

0.06  (390} 
0.10  (490) 

0.013  (0.32) 
0.015(0.36) 

1 

21 

Tight  knit 

Enhanced  bondline  thickness 
control.  Good  biend  of 
structural  and  handling 
properties 

FM  300K  film  adhesive 

0.05  (244) 
0.06(390) 

0.006  (0.20) 
0.013(0.32) 

Green 

Green 

Wide  open 

knit 

Highest  overall  performance 

FM  3COM  f3m 
adhesive 

0.03(150} 

0.06(390} 

0 005(0.13) 
0.013  (032) 

Green 

Green 

Random  mat 

Provides  the  best  bond  line  and 
fovr  control.  Reduces  tendency 
to  trap  Mk  during  lay-up. 

PM  300U  film  adhesive 

0.03(150) 
0.055  (266) 

0.005  (0.13) 
0.006  (020) 

Green 

Green 

Unsupported 

film 

Can  be  reticulated 

' Wagfrt  tc4vr»nc*  equate  nor'inal  wvtf't  ft  0.009  oaf  (ft  23  pm) 
Table  2 1 Handling  Properties  of  FM  900  Adhesive  Films 


Properties 

Description 

Volatiles 

1 0%  max  ' mum 

Outgasslng  properties 
(after  complete  cure) 

0 92*  TWl  and  0 0/H  CVCM 

(NASA  reference  publication  1 124,  Rev  8/87) 

Recommended  storage 

Supported  grades  store  at  or  below  0*F  (18‘C) 
Unsupported  grades  store  at  40*F  (4  VC) 

Shelf  life 

Supported  Grades  1 2 months  from  date  of  shipment 
UnMjp|X>r tud  Grades  4 months  from  date  of  slupment 

Shop  life 

10  days  al  90*F  (32^)  30  days  al  70*F  (21  °C) 

Table  3 1 Product  Description  BIT  127  corrosion  Inhibiting  primer 


Properties 

Description 

Color 

Yellow 

Solids 

10%  * 1%  sprayable 

Density 

7 3 Ibs/ijal  (875  gflittt) 

Shop  life 

5 days  at  90’ F (32*Q 

Shelf  life 

12  months  from  date  of  shipment  al 
recommended  storage 

Recommended 

Store  at  or  below  0*F  ( 18*C) 
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PROPERTIES 

Table  4 1 Mechanical  Properties1 


Sample  Description1  Product  Number 

FM  300 
o oi  paf 
(390  gsm) 

FM300K 
0.05  p«f 
(244  gsm) 

FM  BOOK 
0.08  psf 
(390  gsm) 

FM  300M 
0.03  paf 
(150  gsm) 

FMJOOM 
0.08  pff 
(390  gsm) 

Tensile  shear,  psi  (MPa) 

-67*F  (-55*0 

5080  (35.0) 

- 

5460(37.7) 

- 

4930  (34.0) 

75*F(24*Q 

5145  (35  5) 

5340(36.8) 

5850(40.3) 

4325(29  8) 

5275  (36.4) 

250*F  (taro 

3995  (27.6) 

3575  (24.7) 

4200  (249) 

3360  (232) 

4040(27.9) 

300*F  (150*0 

2910(200) 

2965  (20.4) 

3155(21.8) 

2310(15.9) 

2955(20  4) 

Floating  roller  peel.  bv-*/in  (kH/m) 

-67*F(SS*Q 

28(4.9) 

- 

28  (4.9) 

- 

29(5.1) 

7S*F  (24*0 

29(5.1) 

23(40) 

28  (4.9) 

26  (4.6) 

29(5.1) 

250*F  (120*0 

- 

- 

- 

- 

- 

300*F  (150*0 

25(4.4) 

- 

26  (46) 

27(4.7) 

?*«*) 

Honeycomb  sandwich  peel,  ln-lb/3  In  (jNm/m) 

-67*F  (-55*0 

- 

25(37) 

40(58) 

- 

- 

75*F  (24*Q 

- 

22  (32) 

45(66) 

11(16) 

- 

250*F  (120*0 

- 

- 

- 

- j 

- 

300*F  (150*0 

1 " 

22  (32) 

28(41) 

- 

- 

Flatwise  tensile,  psi  (MPa) 
-67*F  (-55*0 

1350  (9 J) 

1075  (7.4) 

1600(11.0) 

7Sf(24*0 

1095  (7.6) 

- 

1030  (7.1) 

435  (3.0) 

1390  0.6) 

250*f  (120*0 

- 

- 

- 

- 

- 

300 *F  (150*C) 

345  (2-4) 

340(2.3) 

470  (12) 

125  (0.86) 

513(3.5) 

tMJOR'W  XXX  F*4  )Q0M  fib*  adhtsvai  w*th  M U7  grtnrr  T>p«l  mmwyt 

T«ra<toshM'00S3b  (rcaiPfl^K24-T3  dwthorMycone>^cbsC  (COIn  p SI  iwf4  202^’3  daft  K>^ccMnb3n6  la  f47*nm) 
0002  (Qj55  rrmt  KP5Q52.  flordng  rctw  pml  OC2SO.063  2Q24-T3  c*d 
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Table  5 1 Humidity  and  Fluid  Exposure' 


Sample  Description1 
Product  Number 

FM  300 
0.08  psf 
(300  gsm) 

FM  300K 
0108  psf 
(390  gem) 

FM  BOOM 
0.08  psf 
(390  gam) 

Tamil#  shear,  pte  (MPa)  after  30  days  at  120*F 
(50*0,  95-  100%  RHJ 

5185  (35  8) 

6225  (42.9) 

5535  (38.2) 

Tamil#  shear,  pte  (MPa)  aftar  7 days  immersion  In: 
JP-4  fuel 

5030  £4.7) 

6240  (43.0) 

5550  (383) 

Anti-icing  fluid 

4915  (33.9) 

6275  (43 J) 

S250(362) 

Hydraulic  oil 

5100(352) 

6130(423) 

5350  (36.9) 

Hydrocarbon  fluid 

5155(35.6) 

6095(42.0) 

5125(353) 

Tamil#  shear.  pti  (MPa)  aftar  200  hours  In  Skydroi* 
hydraulic  fluid  at  130T  (06*0 

4935  (34.0) 

6350(434) 

4860  (33.5) 

1 PM  30%  FV  BOCK  and  f M 300U  f«m  MfecUre  B*  1Z7  P'Wtmt  Typical  **r«oa  wob 

« Mebai.  Ttralk dM F 0.063  K <1.63  rrrrO  K74-T  clad 
•T^i«d«7Sf  (2TQ 
' A preduet  of  talutu.  he 


Table  6 1 Effect  of  Humidity  Exposure  on  Film  Prior  to  Bonding 1 


Property 

Teat  Condition 

Control 
(no  exposure) 

15  Day  Exposure 
aft  54%  RH 

Tasted  at  75*f  (24aO 

4800(33.1) 

4900  (33.8) 

4700  (32  4) 

4800(33  1) 

Tensile  sheer,  pst  (MPa) 

4650  (32.1) 

5200  (35.9) 

T«fl*d«t300-F  (150*0 

3400  (23.5) 

2600(17.$ 

3300  (224) 

2900  (20  0) 

Floating  roller  peel.  IhiAn  (kN/ra) 

Tasted  at  75'F  (24*Q 

28  (4  J) 

28(4  9) 

29  (5.1) 

29(5.1) 

Honeycomb  vandwkh  peal,  ln-lb/3  In. 

Tasted  at  75*F  (24*0 

75  (110) 

75  (110) 

(hm/m) 

68(100) 

69  (100) 

■Stnpte  H4  JOOKtXn  adhaaMc  OOS  pal QS0 g«rt\] aft *37 sonar 
Metat  Terete****  0.063  In.  (163  mr >2024  T3  cted 

HorwyuNTiti  ikJ*«  0-040  r «D.S1  m«n)  2C24  T3  «J«1 
Hon^aamti  **  b i n H * run)  0 002  «C  AS  mr(  Me  *!W 

Hotting  itekarpael  OI»V>J*1  XHAT1  rted 
Cure  cpk  AO  mliwui  Id  lOPO 
h>  relnutea  at  rarr  C7VXJ 
«g*f02IM’a) 
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Table  7 1 300T  (150*0  Heat  Aging  Studies1 


Hours 

exposure 

Tensile  shear 
psiCMhe) 

tested  at  7ST  (24*0 

Tensile  shear 
pai  (MPa) 

terad  at  300^  <145*C) 

Honeycomb  sandwich  peel 

in-lh/3  in  (Nm/m) 
tested  at  75*F  (24*0 

Flatwise  temie. 
P**  (MPa) 

tested  at  7S*FUrO 

Control 

6070(41.8) 

2940(206) 

64(94) 

1380(9  5) 

1440 

4460  (30.8) 

3720(25  6) 

35(52) 

1 

2840 

4700  (32.4) 

3400(23  5) 

41(60) 

960  (6  6) 

4120 

4300(29.7) 

3430(23.7) 

26(39) 

1000(6.9) 

5040 

1910(27.0) 

3530  (24.4) 

23  (34) 

990(68) 

5740 

3210(22.1) 

3450(23.8) 

J0O0) 

950(66) 

7200 

3580  (74.7) 

3450(23  8) 

20(30) 

- 

7920 

3270  (22.6) 

2960  (20.4) 

17  05) 

780(5.4) 

►M  IO0K  fifcr»  atihMW*  0 OS  pi#  CM0  jprnj  MR  jrirm 
Met at  r OOfcl  r (16Jf nr;^*-na*l 

Hen^fcsmb  Vcim  0090  in  $0  it  mnO  JOJM-Tl  dad 

HooeycomD  yjK  !4JSnm]0«tf«Wmn:N»50W 

Ciim  ryrW  U>  mtirtsm  »0  TWI  <1 JYO 
•0  nlrv*«  at  JS0T  f 75*0 


KGR  Stress  Strain  Data 

The  heart  of  Cytec  is  new  technology  for  structural  adhesives  is  the  KGR-1  euctensoneter.  This  instrument  provides  the  bask; 
definitive  property  of  a structural  adhesve  - Its  sheer  stiffness.  KGR-1  records  the  entire  stress  strain  curve  for  the  adhesive  in 
environments  reproducible  In  the  laboratory. 

This  technology  benefits  both  the  designer  and  the  adhes  ve  formul ator.  The  designer  and  stress  analyst  use  this  technology 
to  predict  the  service  performance  of  the  achesive  bond,  including  strength,  creep  and  fatigue  in  environments  reproducible 
in  the  laboratory. 

Until  Cytec  developed  the  KGR-1,  test  methods  to  obtain  shear  stiffness  were  either  inaccurate  or  too  costly  to  allow 
sufficient  data  for  statistical  confidante.  A measure  of  the  difficulty  in  obtaining  this  stiffness  is  that  movements  of  one 
quarter  of  a micron  (0.00001  inches)  must  be  detected  with  darty  and  reliability.  KGR-1  does  this  over  a temperature  range 
of  -67’ F (-55*0  to  SOOT  G M0*Q  In  hostile  environments  reproducible  in  the  laboratory. 

The  economy  of  operation  of  KGR  1 ma<es  stiffness  data  a ff or  dab  e to  the  designer.  This  economy  allows  statistical 
confidence  necessary  for  practical  analysis.  In  addition  to  stiffness,  KGR  1 prov  des  the  shear  stress  strain  relationship  over  the 
entire  non-linear  range  up  to  and  including  ultimate  failure. 

It  is  established  that  fatigue  life  and  residual  static  strength  are  dependant  on  strain  at  ultimata  stress.  The  larger  the  strain, 
the  longer  the  fatigue  life  and  the  higher  the  residua  static  strength  (the  strength  after  the  joint  has  seen  the  required 
fatigue  loads)  This  data  defines  limits  lor  creep  and  fatigue  conditions.  It  is  possible  to  perform  proper  stress  analysis  of 
bonded  aircraft  primary  structure.  Accurate  predictions  are  now  possible  for  the  bond  performance  over 
the  life  of  the  aircraft. 

Apart  from  Its  value  to  the  designer.  KGR-1  technology  is  invaluable  to  the  form  jlartor  of  structural  adhesives.  Stress  strain 
properties  beyond  the  linear  range  define  the  adhesive's  performance  In  fatigue  and  toughness. 
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ft  yot  are  interested  in  acquiring  a KGR-1  exersomerer  for  he  p in  your  own  work,  please  contact  a 
Cytec  representative. 


Table  6 1 KGR-1  5 Uw  Strain  Data  for  FM  30OK  Adheme  Film.  0.06  psf  <290  gun)  with  BR*  127  Primer 
1/ - Sh«r  Scnm.  P«|  IMPU.  - Shair  9ti«K  IrWtn.  G - Ste«r  MoaulA  (Maafl 


Test 

Temperature 

Linear  Limit  (U) 

Knee  (KN) 

Ultimate  FaAure  (UL) 

/ 

I 

G 

f 

1 

/ 

I 

7S'F  (24*0 

2060  (142) 

0.01 56 

131.500(907.5) 

6100(42.1) 

00932 

7210(49.8) 

0.5446 

220-F  <104*Q 

916(622) 

0.01  SO 

64,700  (4462) 

3000(20.8) 

0.063S 

5190  (35.8) 

12073 

220‘F  (104*0' 

745(5.14) 

0.0273 

27,500  (189 J) 

1880(13.0) 

0.1047 

3100(21.4) 

1.0744 

' Poitbond  expoiure  to  100%  RH  at  140*7  (WO  u%H  wturated 

Figure  9 1 Shear  Stress  vs  Shear  Strain  for  fM  30OK  Film  Adhesive  in  Various  Environments  KGR-1  Instrumentation 


8000 


. 0000 


FM  300K,  75T 

(2^t*C) 

300K.  ?20f  (104*0 

■ 7m 

300K.  220^  (104*0.  vwt 

U =IL 
A «Ul  | 

0 02  04  06  08  10  12  14  16 

Shear  Strain  (in/in) 
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APPLICATION  NOTES 


A dean.  dry,  grease-free  surface  is  reauired  for  optimum  oerfocmance.  A recommended  procedure  for  cleaning  aluminum 
skins  prior  to  priming  or  bonding  is  the  FPL  cleaning  method: 

1.  Vapor  degrease,  alkaline  dean,  r nse  and  check  for  water  break 

2.  Prepare  a sodium  dschromatWSulfurk  acid  solution  as  follows: 

a Mix  the  following  ngrccbcnts: 

Sodium  Dichromate  34  grams  FE3-0-S-595A 

Water  700  ml  Deionized  waiter  recommended 

Sulfuric  Add  304  grams  FED-O-A-1 1 5,  Class  A Grade  2 

b.  Add  additional  water  to  make  one  liter 
This  solution  will  dissolve  I S grama  of  2024  dad  aluminum  per  liter. 

NODE:  Chromic  acid  is  highly  corrosive  All  contact  with  skin  and  issues  must  be  prevented.  Wear  impervious  apron,  boots 
and  gloves  as  well  aa  splash-proof  goggles  and  face  shield  when  preparing  and/or  using  chromic  acid,  rf  airborne 
concentration  of  chromk  add  exceeds  the  8-hr  TWA  established  by  OSHA,  respirator  approved  by  NIOSH  must  be  worn. 
Chromic  acid  solutions  sbou  d be  prepared  and  handled  only  In  fume  hoods  or  other  adequately  ventilated  areas  even 
*4ten  the  TWA  is  not  exceeded.  Traces  of  chromyl  chloride  may  occur  in  the  vapors  above  heated  chromic  add  solutions 
prepared  from  chlorinated  water. 

3.  Immerse  aluminum  part  in  sodium  didvomat^ulfuric  add  solution  at  1 S5  ± 5*F  (SB  t 3*0  for  10  minutes 
(clad  aluminum)  or  5 minutes  (bare  aluminum) 

4.  Spray  rinse  with  wat*'  at  or  below  7S*F  024*0 

5.  Immerse  in  cold  water 

6.  Repeat  spray  rinse  checking  for  water  break 

7.  Dry  in  a vented  oven  below  150T  (65*0 

In  addition  to  the  FPL  etch  deanirg  method  for  a wdnuia  the  ohosphoric  add  anodizing  (PAA)  surface  treatment!  is  now 
being  used  by  a large  number  of  aircraft  manufacturers  due  to  the  improved  surface  bond  durability  provided  by  the  PAA 
treatment 

Although  not  mandatory,  BR  127  corros  on  Inhibiting  primer  Is  recommended  for  use  with  FM  300  adhesive  In  the  bonding 
of  aluminum  details  BR  127  primer  offers  superior  durability  and  resistance  to  hosb  c environments  wthin  the  bond  line  and 
also  may  be  used  as  a protective  coating  outside  the  bonded  areas.  Apply  BR  127  as  folowv 

1.  Allow  BR  127  material  to  warm  to  room  temperature  prior  to  opening  container 

2.  Thoroughly  mix  before  application  and  agitate  during  applicat  or 

3.  Spray  or  brush  coat  to  a dry  pnmer  thickness  of  0.0001  inch  (0.0075  mm)  nominal  wrth  a 0.0007  inch  (0  0050  mm) 
maximum  thickness 

4.  Ai ' dry  30  minutes  minimum  prior  to  using 

5.  Owm  dry  30  minutes  at  730  *10*f  (170*6*0 


’ few*  paterUWJsOU;  Apnr*  f|?t 
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Bonding  Procedure 

Bond  PM  300  film  adhesive  at  pressures  ranging  from  15  - 100  psi  (0.10  - 0.69  MPa)  dep4wxiirg  upon  the  application.  Hx 
press,  autoclave,  pressure  diaphragm  or  vacuum  bag  curing  use  the  following  cure  cycle: 

1,  Neat  tp  to  350*F(175*Q  In  30  - 60  minutes 

2.  Hold  at  35OT  075X3  for  60  minutes 

Compatibility 

The  cure  temperature,  pressure  and  gel  time  of  FM  300  f Im  adhesive  make  it  compatible  for  co-cure  or  simultaneous 
autoclave  runs  with  PM*  61  and  FM*  96  film  ac hashes  as  well  as  BR  127  primer. 

PRODUCT  HANDLING  AND  SAFETY 

Cytec  Industries  recommends  wearing  dean.  Impervious  gloves  when  working  with  epoxy  resin  systems  to  reduce  skin  contact 
and  to  avoid  contamination  of  the  product  Materials  Safety  Data  Sheets  (MSDS)  and  product  labels  are  available  upon 
request  and  can  be  obtained  from  any  Cytec  location  supplying  aerospace  materials. 

DISPOSAL  OF  SCRAP  MATERIAL 

Disposal  of  scrap  material  should  be  in  accordance  with  local,  state,  and  federal  regulations. 


CONTACT  INFORMATION 

CLOOAL  H(ADQUA*Tf*S  for  A£ROSPAGE  MATERIALS 

Tempt.  Arizona 
frj  480  730.2000 
far  480.7302088 
e (TM.it  CLrftinro4kytac.com 


NORTH  AMERICA 

Arehem.  California 
taf  714.630.9400 
far  714.666434* 
Orange.  California 
tel  714.639  2060 
far  714.532.4096 


GreerMik, 
rW  9014*7.8500 
fax  9014*7.6598 
Wnon*  Minnesota 
f«f  907.454  3611 
fax  507.452.8195 


Havre  oe  Grace.  Mj •ytand 
Cel  410939.1910 
far  410.9394100 

D*  Aircraft  Anaheim,  Califcm  4 
fW  714  6324444 
far  714632.7164 


Cytec  Carbon  Fiber 
Ptatirnom.  South  Carotna 
tmf  8842774720 
far  864299.9373 


EUROPE 

Wrexham.  United  Kingdom 
M «44 1978.665200 
fat  *44 1978.665222 


Octrlrgen.  Germany 
TH  449  7253934111 
fax  449  7253434102 


ASIA 

Shanghai  China 
(W  486  21  5746.8018 
fax  48671  5746.8038 


asOAieeJt  7>»  Wu  and  arWdxd  n tNt  4w  awr  hw»  town  ctax  I»d from onAXy  nar traced mtqm  wd  anari&rmd  merynriw  sttm  praduc  dwaiWd. 

gixc4>«fWwewm«»^ei»aer«iWMW«eweffe<<«mien4>dUiar%  Winw>wnHmtfw*oaxvc»ih»gi»ni*rae*m  wtwrdeervxfrtH4«^e»4l«faTMaw^ 
t-mntn  B*cm»  srept'Tat  at  tN*  prefect  can  am  RpMMfc  ***»•«  rvfcrtotlor  wri  iwnq  artr  pjw  in>oy»<^  wd  i*x*  Cy:t  tot  r*ct  nrfcd  w uwtttj*  int«>  m-tf 

earduAMiiMi  x4  xXL  Qec  wax  iuwan  tt*  pvrvai  t*<vdid  *x  b*4lu*4d  xe  fifnx  petMMmr  He  ^i*veN  w iwnfj  h Six  Sh 

product  l»  «fepM  fer  • nmttk  uw  «c Min*  Qffec  <fecf '•  any  «tto»v  r^ad  bp  tka  uta  tada  t%  ace  d*W  ewe  «#  d*a  data  aid  Wwwnlar  cbm  red  hacvK  Qfec  tap  tm  rtgn 
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Figure  A1 7.  Cjtec  FM300  Adhesive  Material  Properties 
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Product  l>e*cripcicct  3M  ™ Scotch-Wcid™  Structural  Adhesive  Film  AF  555  is  a thermosetting:  modi  led 

epoxy  adhesive  Urn.  Ii  was  designed  for  bonding  of  composites  in  conjunction  with 
honeycomb  or  in  a monolithic  structure.  Scotch-Weld  AF  555  Film  can  be  co-curcd. 
co-bonded  with  compos* e pxcpre$$>  or  used  to  bond  cured  composite 


Key  Features  ^Excellent  pre-bond  humidity  performance  on  composite  substrates 

n One-year  out -lime  at  ambient  conditions 

□ Unsupported  version  available  for  reticulation. 

□ Film  adhesive  can  be  cured  from  3G0*F  (150*0  up  to  355  F (!8fr;C). 

□ Excellent  shop  handling  characteristics  (easy  to  U9e  in  shop  |. 

D\  variable  with  light -weight  conductive  screens  for  lightning  strike  composite 
surfacing  applications 


Available  Construct  ions: 


Construction 

Weigh! 

(+  .005)  Lb.  ft 

Nominal 
Thickness  (mils) 

Scotch-Wdd  AF  555U  Film 

0 015 

2 5 

Scotch-Weld  A F 555U  Film 

0 030 

5 S 

Scotch-Weld  AF  555U  Film 

0.035 

6.0 

Scotch- Weld  AF  555U  Film 

0 050 

80 

Scotch-Weld  AF  55511  Film 

0.060 

1 J u 

Scotch- Weld  AF  555U  Film 

0 080 

13.0 

Scotch- Weld  AF  555M  Film 

0.015 

2.5 

Scotch-Weld  AF  555M  Fibn 

0.030 

5.5 

Scorch  Weld  \ 55S\i  Film 

0.0325 

5.75 

So.-I/.,  W..V.  \:  ro\1  Film 

j 035 

6.0 

Scotch-Weld  AF  555M  Fibn 

0.050 

8.0 

Scotch-Weld  AF  555M  Film 

0.060 

10  0 

Scotch-Weld  AF  555M  Fibn 

0.080 

13.0 

Scotch-Weld  AF  555K  Fflnt 

0.050 

8.0 

Scotch-Wcld  AF  555K  Film 

0 080 

13  0 

Scotch-Wdd  AF  55 sk  Film 

0.100 

16.0 

Scotch-Weld  AF  555L  Film 

0.050 

8.0 

Code:  U - Unsupported  Film 

M - Non -W oven  Supporting  C wrier  a«le) 

k ~ K it tt  Supporting  ('arrict 
I I ightweight  Non -Wo  ven  Supporting  <’ artier 
Scotch- Weld  AF  555  I Inn  arc  orange  in  both  their  lingered  and  fully  cured  form 
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Phy jtjeal  Pi  operttes  conditions  and  should  not  be  used  fix’  specification  purposes. 

I Torsion  RDA 

Test  Equipment:  Rheomctric  Dynamic  Analyzer 

1M™  Scotch-Weld,M  Structural  Adhesive  AF  553  Film  unsupported  adhesive  was  cured  under  standard 
conditions.  Specimen  size:  33.818  (L)x  12.-44  (W)x  I.Wmm(T). 


11  Dry  / Wet  Olaas  Tr  antic  ion  Temperature 

Cured  Scotch- Weld  AF  555  Film  dry  unconditioned  %'s.  Scotch-Weld  AF  555  Film  aged  in  D!  water 
for  1000  hours  at  SOX. 


Onset  Temp 
FfC) 

Tan  Delia  Peak 
F (cl 

Scotch-Weld  AF  555  Film 
unconditioned 

JM  (1S1J 

33S  [1701 

Scotch-Weld  AF  555  Film  aged 
in  D1  water  for  1000H  |W:  80  C 

279(1371 

125(163) 
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3M'“  Scotch-Wcld’“ 

Structural  Adhesive  Film 
AS  >53 


Typical  Cured  Note  Tlic  following  technics!  information  and  data  is  based  on  Imitcd  3M  testing 

Physical  Properties  conditions  and  should  not  he  used  for  specification  purposes 

(continued) 


III.  Metal  to  Metal  - Overlap  Shear 

Overlap  SI  tear  Specimens;  1 * wide,  1/2"  overlap  specimen.  0.063"  thick.  FPL  etched  and  pluosphonc  *.id 
anodized  2024-T3  hare  aluminum  Primed  with  3M™  Scotch- Weld™  Structural  Adhesive  Primer EW-5000. 


Test  Temperature 

Scotch-Weld  AF  555  Fikn 
UO.OOWt.PSI  (MPa) 

Scotch -Weld  AF  555  Film 
M 0.051)  Wt.PSI  (MPa  1 

Scetdi-Wcld  AF  555  Film 
K 0081)  Wt.PSI  (MPa) 

-67  (.55) 

4776  (33) 

4850(33) 

4770(33) 

75  (23) 

5416  (37) 

5634  (39) 

5765  (40) 

277(156) 

2606(18) 

3016(21) 

4355  (30) 

350(177) 

1571  (11) 

1526(11) 

2252(16) 

IV.  Mstal  to  Metal  - Floating  Roller  Peel 

Flouting  roller  peel  specimens:  1/2”  wide.  0.063"  hack  prate  L 0.025"  skin  2024-T3  tare  aluminum.  FPL 
etched  and  phosphoric  acid  anodized  Primed  with  3M™  Scotch-Weld™  Struc rural  Adhesive  Primer  EW-5000 


Test  Temperature 

Scoldi-Weld  AF  555  Fikn 

Scotch -Weld  AF  555  Fikn 

Scotch-Weld  AF  555  Film 

*F(*C) 

U 0.030  Wt.PUV  (N'25mm> 

M 0050  Wt.  PIW  <TC'25mm) 

K 0.080 Wt  PIW  OP25mm) 

.67  (.55) 

-2  (97 1 

2 5 ■:  1 11  • 

304ft 

75(23) 

38  069) 

37(165) 

31  038) 

IS0O77) 

39  O 7.3t 

39(173) 

29  II  291 

V.  Metal  to  Honeycomb  - Flatwise  Tensile 

All  properties  were  measured  on  2"  x 2"  honeycomb  sandwich  bonds  Primer  used  3M™  Sc  etch- Weld™ 
Structural  Adhesive  Pnnicr  EC-39  IT.  Tested  in  accordance  with  MIL-A-25463B  and  ASTM  C-297 


Test  Temperature 
*F  *C 

Scotch-Weld  AF  555  Film 
0.06M  Wt.  Supported,  Lnrcticulated 

PSI  (MPa) 

75  (23) 

1117  (*V3> 

277  (136) 

468  (3.24) 

Skin:  0.02”  thick  2024 -3T  b ire.  FR.  etched  Honeycomb  Cert  0 50-  th*k,  1/4"  cell.  0.004  foil,  5052  aluminum 

NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  54  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


3M~  Scotch-Weld™ 

Structural  Adhesive  Film 

AF555 
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(continued) 


VL  High  Temperature  Durability  Data  - Metal  to  Metal  Wide  Area  Overlap  Shear 

Bonds  were  made  on  PPL  etched  and  phosphoric  acid  anodized  2024-3T  bare  aluminum  and  exposed  at 
350*F  (177*C).  Overlap  shear  values  were  obtained  at  75*F  (23*Q  and  at  35CTF  <177*0  as  indicated  below. 
Primer  used  3M™  Scotch-Weld7*  Stmctund  Adhesive  Primer  EC-3917.  Tented  in  accordance  with  3M  TM  C-26S 
(Aluminum  to  Aluminum  Blister  Detection  Test). 


Hours  of  exposure  at  359*F  (177*C) 

Scotch- Wcid  AF  555  Film 
0.06M  Wt  Supported  PS1  (MPa) 

at  75*F  (23*C) 

at  350*F  (177*C) 

0 

3942  (27.2) 

1981(13.7) 

240 

4206(29.0) 

2066(14.2) 

864 

4312  (29.7) 

2115(14.6) 

1440 

4193  (28.9) 

2121  (14.6) 

VII.  High  Temper ature'H  timidity  Durability  Data  - Metal  to  Metal  W ide  Area  Overlap  Shear 

3M™  Scotch-Weld™  Structural  Adhesive  Film  AF  555  was  exposed  at  the  foOowkig  ternpefature/homidity  and  loads 
far  the  number  of  days  specified  below  before  measuring  creep.  Bauds  war  made  an  FPL  etched  and  phosphoric  add 
anodized  2D24-T3  bare  aluminum  - using  Scotch-Weld  EC-391 7 Primer  and  Scotch- Wcid  AF  555  Film  0.06M  wt 
supported.  Specimens  prepared  in  accordance  with  3M  TM  C-265  (Aluminum  to  Aluminum  Blister  Detection  Test). 


Temperature 
•F  CO 

Humidity 

(RHW) 

Load 

(PSI) 

Measured 

Creep 

(year*) 

Creep 

(mil)  (mm) 

Sustained 

Load 

«Ujr») 

140 

(60) 

100 

2000 

3 

<0.5 

(0.0127) 

150 

140 

(60) 

100 

1500 

3 

<0.5 

(0.0127) 

150 

140 

(60) 

too 

1100 

3 

<OS 

(0.0127) 

150 

140 

(60) 

100 

800 

3 

<0.5 

(00127) 

150 

300 

(149) 

800 

1 

<0.3 

(0.0127) 

150 

75 

03) 

ambient 

1600 

3 

<0.5 

(00127) 

150 

VUL  Thick  Adbcrend  Shear 

Seoteh-Weld  AF  555  Film  tested  oo  \/29  thick  FPL  embed.  Phosphoric  Anodized  2024-T3  Aluminum  primed  with 
3M™  Scotch-Weld™  Adhesive  Primer  EW-5000  AS.  Full  report  available  bom  3M  Technical  Service  upon  request. 


Teat  Temperature, 

*FCQ 

Ultimate  Stress, 
psi  (MPa) 

Ultimate  Strain, 
% 

Shear  Modulus, 
psi  (MPa  ) 

“65  (-54) 

9660(67) 

0J09 

0.171  (0.0012) 

WOW 

7610  (52) 

0.556 

0.063  (0.0004) 

200(93) 

5220(36) 

0.935 

0.041  (0J00O3) 

277(136) 

3790(26) 

1-344 

0.011  (0.00008) 
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IX.  Composite  to  Honeycomb  - Short  Beam  Shear 

All  properties  were  measured  on  3“  X 6"  specimens  configured  with  three  (3)  plies  of  BMS8-256,  Type  IV, 
CUm  2,  Style  3K-70-PW  colored  at  330*F  on  each  aide  of  BMS8-124,  Type  I,  Cl*»l,  Grade  8.0  (JO  inch 
duck  and  tram  seme  with  6"  dimension)  lioueycumb  cure  with  one  ply  of  3M™  Scotch- Weld™  Structure] 
Adhesive  Film  AF  555  at  each  core/ikin  interface.  Beam  shear  was  tested  in  a three  point  configuration  with 
a 4.00  ± 0.05*  span  with  the  tool  side  up  (in  compression)  to  MU  .-STD-401  guidelines. 


Teat  Temperature 

Construct 

% 

kN 

75*F  (24*Q 

Scotch- Weld  AF  555M  Film  J030  psf 

2360 

10  5 

75*F  (24*0) 

Scotch- Weld  AP  555M  Film  J035  psf 

2316 

10.3 

7FF  (24*0 

Scotch- Weld  AP  555M  Fifan  J050  psf 

2202 

9.79 

75*F  (24*Q 

Scotch- Weld  AP  555K  Film  .050  psf 

2264 

10.1 

75-P  (2A'C) 

Scotch- Weld  AP  555K  Film  .080  psf 

24*5 

11.1 

X.  Composite  to  Composite  - Flatwise  Tenaate 

All  properties  were  measured  on  2m  X 2*  specimens  configured  with  three  (3)  plies  of  BMS8  256,  Type  IV, 
Class  2,  Style  3K-70-PW  co-cured  at  350*F  on  each  side  of  BMS8- 1 24,  Type  I,  Class  1 . Grade  8.0  (JO  inch 
thick)  honeycomb  core  with  ooc  ply  of  Scotch-Weld  AF  555  FUm  at  each  corc/skxn  interface.  Flatwise  Tension 
Test  Blocks  were  subsequently  bonded  prior  to  testing  and  tested  in  accordance  with  MIL- STD-401. 


Test  Temperature 

Construct 

FSI 

MPa 

-65*P  (-55 *C) 

Scotch- Weld  AF  555M  Film  .030  psf 

11S6 

7.97 

75  *F  (24*C) 

Scotch- Weld  AF  555M  Rha  .030  psf 

1170 

8.07 

160  *F  (71  *C) 

Scotch  Weld  AF  555M  Film  .030  psf 

1000 

6.89 

-65*F  (-55  °C) 

Scotch- Weld  AF  555M  Fibn  035  psf 

1087 

7.49 

75 *F  (24aC) 

Scotch  Weld  AF  555M  Film  035  p»f 

1062 

7.32 

160  *F  <71*C) 

Scotch- Weld  AF  555M  Film  035  psf 

949 

6.54 

-65  0F  ( 55  “C  ) 

Scotch- Weld  AF  555K  Film  .050  psf 

849 

5.85 

75  *F  (24*C) 

Scotch- Weld  AF  555K  Film  .050  psf 

1092 

7.53 

160  *F  (71*C) 

Scotch-  Weld  AF  555K  FUm  .050  psf 

1129 

7.78 

-65*F(-55*C) 

Scotch- Weld  AF  555M  Film  .080  p*f 

1174 

8.09 

75  *F  (24*C) 

Scotch- Weld  AF  555M  Film  080  psf 

1266 

8.73 

160  *F  (71  #C) 

Scotch- Weld  AF  555M  Him  .080  psf 

1137 

7.84 
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XI.  Composite  to  Composite  Overlap  Shear 

AD  properties  were  measured  on  l"  wide,  1/2*  overlap  specimen  cut  from  epoxy/graphite  fiber,  ten  ply 
unidirectional  composite.  Composite  panels  were  cored  using  ten  plies  of  carbon  fiber  prepreg.  available  as 
“Tbrny  39UO  2/T8U0S”.  having  an  areal  weight  of  190  gnuna/meter*  and  a resin  content  of  35%  (from  Tony™ 
Carbon  Fiber*  America,  Irxorporated,  Decatur,  Alahama).  Tested  in  accordance  with  A STM  D3165. 


Test  Temperature 
•F  *C 

3M™  ScotchWdd™ 
Structural  Adhesive  Film  AF  555 
0.06M  Wt. 

PSI  (MPa) 

75  (23) 

5224  (36.0) 

277  (136) 

2938  (20.3) 

XIL  Composite  Double  Cantilever  Beam  (DCB)  Test  Per  BMS  8 276 

Mechanical  That  to  determine  strength  after  GLasochrom  Pencil  Markings 

Composite  Material  Spec  BMS  8-276 

Adhesive  Scotch- Weld™  AF  555  Film  0.05M  WL  Supported 

Test  Condition  75°F 


Width 

Crack  Length 

Area 

Energy 

Glc 

in 

in 

inA2 

in*lbf 

in*lbf/inA2 

Lot#  A 

0.498 

4.227 

2.1071 

9.466 

4.490 

Lot  # B 

0,497 

3.856 

1.9164 

8.038 

4.213 

Lot  #C 

0.497 

7.839 

3.8959 

19.182 

4.924 

Lot  # D 

0500 

5.074 

2.87 

14.972 

5.901 

Lot#E 

0.498 

6.384 

3.1792 

16.040 

5.050 

Lot#F 

0.497 

7.332 

3.6440 

18.035 

4.949 

XIII.  Out  Time:  Room  Temperature  Exposure 

Scotch- Weld  AP  555  Film  was  exposed  at  77F  (23C)  / ambient  humidity  far  the  number  of  months  specified 
pnor  to  bonding.  Primer  used  was  3M™  Scotch-Weld™  Structural  Adhesive  Primer  EW-500U  Overlap  shear  was 
tested  in  accordance  with  ASTM  D1002.  Floating  Roller  Peel  was  tested  in  accordance  with  ASTM  D3 167-97. 

Overlap  Shear  Specimens:  1 * wide,  1/2'  overlap  specimen,  0.063”  thick,  FPL  etched  and  phosphoric  acid 
anodized  2024-T3  bare  aluminum.  Primed  with  Scotch- Weld  EW-5000  Primer. 


Scotch  Weld  AF  555U  Him  0.030  wt,  Overlap  Shear  vs.  Out  Time 


Test 

Temperature 

0 Month 
PSI  (MPa) 

6 Months 
PSI  (MPa) 

12  Months 
PSI  (MPa) 

75F  (23C ) 

5416  (37) 

5243  (36) 

5005  (35) 

277  K (136C  ) 

2606  (18) 

3277  (23) 

3208  (22) 

350  F (177C ) 

1571  (11) 

1499  (10) 

1410  (10) 
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Xm.  Continued  - Out  Him:  Room  Temperature  Exposure 


Scotch-Weld  AF  555M  Film  0.050  wt.,  Overlap  Shear  vl  Out  Time 


Teat 

Temperature 

0 Month 
PSI  (MPa) 

6 Months 
PSI  (MPa) 

12  Months 
PSI  (MPa  ) 

75  F (23C  ) 

5634  (39) 

5099  (35) 

5164  (36) 

277  F (1  JSC  ) 

3016  (21 ) 

3459  (24) 

3SS5  (27  ) 

350F  (177C ) 

1526  0«) 

1650  (11 ) 

1654  (11 ) 

Scotch-Wcld  AF  555K  Film  0.080  wt.  Overlap  Shear  vs.  Out  Time 


That 

Temperature 

0 Month 
PSI  (MPa) 

6 Months 
PSI  (MPa) 

12  Months 
PSI  (MPa) 

75 F (23C) 

5765  (40) 

5410  (37) 

5840  (40) 

277  F (136C  ) 

4355  (30) 

3519  (24) 

4009  (28) 

390F(1T7C) 

2252  (16) 

1819  (13) 

19(1  (14) 

Floating  roller  peel  specimens:  1/2'  wide,  0.063*  hack  panel.  0.025*  skin  2024-T3  bare  aluminum,  FPL 
etched  and  phosphoric  add  anodized.  Primed  with  3M™  Scotch-Weld™  Adhesive  Primer  EW-5000. 


Scotch-Wcld  AF  555U  Film  0.030  wt..  Floating  Roller  Pocl  vs.  Out  Time 


feat 

0 Month 

6 Months 

12  Months 

Temperature 

PIW(N/25mm) 

PIW  (N/25mm) 

PIW(N/25mm) 

67F  (23C ) 

22  (97) 

20  (89) 

24  (107) 

7SF  (1360 

38  tun 

38  OSS ) 

30  (133  ) 

180  F (1770 

39  (173  ) 

38  (169 ) 

40  (178  1 

Scotch-Weld  AF  555M  Rim  0.050  wt..  Floating  Roller  Peel  vs.  Out  Time 


That 

0 Month 

6 Months 

12  Months 

Temperature 

PTW  (N/25mm) 

PIW  (\05mm) 

PIW  (N/25mm) 

-67F  (23C ) 

25  (111  ) 

27  (120 ) 

20  (89) 

75F  (136C ) 

37  (165) 

3*  (160  ) 

36  (160) 

180  F (177C ) 

39  (173  ) 

40  (178) 

40  078) 

Scotch-Weld  AF  SSSK  Film  01)80  wt. . Floating  Roller  Peel 

vs.  Out  Time 

That 

0 Month 

6 Months 

12  Months 

Temperature 

PIW  (N/2Smm) 

PIW(N/25mm) 

PIW  (N/25ram) 

-67F  (23C ) 

20  (89) 

21  (93) 

24  (107) 

75  F (136C  ) 

31  (138 ) 

32  (142) 

36  (160) 

180  b ( 177C  : 

29  (129) 

40  (178) 

41  (178 ) 
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lyptcal  Cured  Note:  The  following  tachaifal  information  and  data  ii  baaed  on  limited  3M  letting 

Physical  Propertied  candid  ana  and  should  not  be  need  for  xpecfOattfon  purpose*. 


XIV.  Out  Time:  RDA  ^ Room  Temperature  Exposure 

Text  Equipment:  Rheometric  Dynamic  Analyzer. 

Proqucacy  = 1 Hz 
Hcat-np  Rate  = 5ftC/min. 

Strum  = 0.2% 

Data  Collection  Frequency  = 30  sec 

Construct  = 3M™  Scotch- Weld7"  Structural  Adhesive  Fibn  AF  555  0.05  wt. 


Scotch-Weld  AF  555U  Film  0.030  Wt. 


Minimum 

Viscosity  (Pa**) 

Temperature  ® 
Minimum 
Vucwdty  F (C) 

Time  ® Minimum 

Viscosity  (Min.) 

Initial 

1.44 

332  (167) 

29 

3 Months 

1.22 

336  (169 ) 

29 

6 Months 

1.85 

332  (167 ) 

28 

9 Months 

1.66 

329  (165 ) 

28 

12  Months 

l 85 

332  (167 ) 

28 

Scotch- Weld  AF  555M  Film  0.050  WL 


Minim  Bin 
Viscosity  (Pa**) 

Temperature  ® 
Minimum 
Viscosity  F (C) 

Time  ® Minimum 
Viscosity  (Min.) 

Initial 

8.86 

338  (170) 

29 

3 Months 

7.96 

336  (169) 

29 

6 Months 

11.27 

332  (167  .) 

29 

9 Months 

11.05 

336  (169) 

28 

12  Months 

7.85 

338  (170  ) 

29 

Scotch  Weld  AF  555K  Film  0.080  Wt. 


Minimum 
Viscosity  (Pa*») 

Temperature  # 
Minimum 
Viscosity  F (C) 

Time  4jfl  Minimum 
Viscosity  (Min.) 

Initial 

4.53 

332  (167) 

29 

3 Month* 

4.78 

329  (165  ) 

28 

6 Month* 

4 36 

327  (164  ) 

28 

9 Month* 

5.17 

327  (164) 

28 

12  Month* 

5.84 

324  (162) 

27 
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typical  Cured  Note:  The  following  technical  information  end  data  in  baaed  on  limited  3M  tenting 

Physical  Properties  conditions  aad  should  not  be  used  for  specification  parpoaen. 


XV.  Out  Time:  90°F  / 50%  RH  Exposure 

DSC  ▼*.  Out  Thne  « 90*F  (3TC)  f 50%  RH 

Samples  of  3M™  Scotch-Weld™  Structural  Adhesive  FOm  AF  555U  0.035  wt.  and  AF  5S5M  0.050  wt. 
woe  conditioned  & 9CPF  (32°Q  / 50%  RH  for  60  cays. 

Equipment:  Perkin  Elmer  DSC  7 
Ramp  Rate:  10°C/min. 


Scotch- Weld  AF  555U  Film  9.035  wt  Unsupported 


Onset  Temperature  T fCJ 

Delta  H fjjfel 

Peak  Exotherm 
Temperature  [*C] 

initial 

315  [157] 

289 

334  [168] 

14  days 

3151157] 

296 

331  [166] 

21  days 

313(156] 

280 

336  [169] 

39  days 

313  U56J 

302 

331  1166] 

60  days 

311  [155] 

290 

331  [166] 

Scotch- Weld  AF  555M  Film  0.05  wt.  Supported 


Onset  Temperature  *F  p€| 

Delta  H UW 

Peak  Exotherm 
TVsnprmtare  *F  PCI 

initial 

315  ; 157] 

289 

340(171] 

14  days 

313(156] 

287 

336  [1691 

21  days 

315  (157] 

287 

336  [169] 

39  days 

315(157] 

290 

336(169] 

60  days 

307  1153] 

300 

331  [166] 
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Typical  Cured  Mole:  Tbe  foUowiag  technical  infarm*lio«  and  dais  hi  bated  <m  limited  3M  testing 

Physical  Properties  condition*  and  should  not  be  used  for  spectflcottoa  purposes. 

XV.  Continued  - Out  Thro:  90° F / 50%  RH  Exposure 

Open  lime  Data  - Minimum  viscosity  vs.  out -time  at  90*F  (52*0/50%  RH 
Test  Equipment:  Rheometric  Dynamic  Analyzer. 

Frequency  = 1 Hz 
Heat-up  Rate  = 5°C/min. 

Strain  = 0.2% 

Data  Collection  Frequency  = 30  sec. 

Construct  • 3M™  Scotch- Weld”  Structural  Adhesive  Him  AF  555  0.05  wt 


Time  to  Minimum  Viscosity 
(min) 

Eta4  @ Minimum  Viscosity 

V) 

Initial 

24.133 

1-58E+01 

14  day* 

24.133 

1.60E401 

21  days 

23.467 

2.02b +01 

39  days 

23.9 

1.75E+01 

1 OOE-O? 

30 

n 

28 
• 26 
m • 24 

— “Hi 

^ » - 

• 22 
• 20 
• 18 
• 16 

- 

— • 

i.ooe^oi  1 

• 12 

I 

i ratio.' 

14  days 

21  days 

38  days 

Eta*  • Mnmuro  ViscosCy  [PJ  -^p-brne  Q Mm  mum  Viscoeily  Eta*  Jmnl 
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Product  Application  Note:  While  this  Information  is  provided  m a general  application  guidefine  based  upon 

typical  condition*,  it  in  recognised  that  no  two  application*  an  identical  da*  to  differing 
assemblies,  method  of  heat  and  pressure  application,  production  equipment  and  other 
limitations.  It  is  therefore  suggested  that  experiments  be  run,  within  the  actual 
constraints  imposed,  to  determine  optimum  conditions  for  your  specific  application  and 
to  determine  suitability  of  prod  net  for  particular  intended  use. 


XVI.  Surface  Preparation 

A thoroughly  cleaned,  dry,  grease- free  surface  is  essential  far  maximum 
performance.  Cleaning  methods  that  produce  a break  free  water  him  on 
metal  surfaces  arc  generally  satisfactory. 

A.  Aluminum:  Phosphoric  acid  anodize  (3M  Test  Method  C2780X  Cfrocmc  add 
anodize  with  or  without  a chromate  seal  (3M  Test  Methods  02801  or  C-2782) 
are  preferred  fee  maximum  joint  durability  in  moist  environment*.  Optimized 
FPL  Etch  has  also  demonstrated  improved  durability  performance.  Optimized 
FPL  Etch  - 3M  Company  (3M  Test  Method  C-2803  or  ASTM  D 2651) 

1.  Alkaline  degrease  - Qakitc*  164  solution  9-1  1 oz  ./gallon  of  water  at 
19CT  ± 10*F  for  10  to  20  minutes.  Rinse  immediately  in  large  quantities  of 
cold  rraming  water  (3M  Teat  Method  C-2802). 

♦Available  from  Cbcmctall  Oafcitc,  Berkeley  Heights,  NJ. 

2.  Optimized  FPL  Etch  Solution  (1  liter): 

Material  Amount 

Distilled  Water  TOO  ml  plus  balance  of  liter  (see  below  ) 

Sodium  Dichromnte  28  to  67.3  grams 

Sulfuric  Add  287.9  to  310.0  grams 

Aluminum  Chips  1.5  gram&'litcr  of  mixed  solution 

Note:  Review  six:  follow  safety  and  precautions^'  inf ocmation  provided  by 

chemical  supplier  prior  to  preparation  of  this  etch  solution. 

To  prepare  1 Liter  of  this  solution,  dissolve  sodium  dichrocnatc  in  700  ml  of 
distilled  water.  Add  sulfuric  acsd  and  mix  well.  Add  additional  distilled  water  to 
fflllol  liter.  Heal  mixed  solution  to  66  to  71°F  (150  to  160*F).  Dissolve  1.5 
grams  of  2024  bare  aluminum  chips  per  liter  of  mixed  solution.  Gentle  agitation 
will  help  aluminum  dissolve  in  about  24  hours. 

To  FPL  etch  panels,  place  them  in  the  above  solution  at  150  to  160*F  (66  to  71*C) 
for  12  to  15  minute* 

3.  Rinse  immediately  in  large  quantities  of  clear  running  tap  water. 

4.  Dry  - Air  dry  approximately  15  minutes  followed  by  a farce  dry  at  14CPF 
(maximum). 

5.  Current  theory  suggests  that  both  surface  structure  and  chemistry  play  a 
significant  role  in  determining  the  strength  and  permanence  of  bonded  structure 
It  t*  therefore  advisable  to  bood  or  prime  freshly  cleaned  surfaces  as  early  as 
possible  after  preparing  to  avoid  conUtmmatioa  and/or  mechanical  damage 
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XVI.  Continued  - Surface  Preparation 

B.  Aluminum  Honeycomb  Core 

1 . Seek  in  clam  aliphatic  naphtha  (conforming  to  TT-N-95A)  for  five  minutes 
at  room  terapanumr  Dry  10  minute*  at  140*F  (miuunum) 

2.  Optional  - Immerse  in  etching  solution  above  far  2 minutes  155  * 5°F. 
Rime,  nr  dry  and  force  dry  in  a similar  manner  lo  skins, 

C.  Titanium  CP  or  6AI 4V  hath  Turco*  S57S-L*  and  improved  phosphate  fluoride 
processing  have  been  used  succeasftdly  with  3M™  ScotchWekT*  Structural 
Adhesive  Him  AF  555. 

1.  Vapor  hone  140  grit  in  water  - rinse  thoroughly  with  dear  running  tap  water. 
2 Degrease  - solvent  or  alkaline  process. 

3.  Immerse  for  15  minutes  at  185  ± 5°F  in  the  following  bath: 

Turoo*  5578-L  - 420  grama 
Distilled  water  - Balance  to  make  1 liter 

4.  Immerse  for  1 minute  in  170  ± 5°P  distilled  water 

5.  Spray  rinse  for  5 minutes  in  hot  tap  water  - 130*F. 

6.  Air  dry  for  10  to  20  minutes 

7.  Force  Ay  for  15  minutes  at  14C*F  (maximum). 

8. 1:  is  advisable  to  bond  or  prime  freshly  cleaned  surfaces  within  four  hours. 
•Available  from  Henkel  North  America. 

D.  Stable**  Steel  - Type  301 

1.  Vapor  hone  140  grit  in  water. 

2.  Rinse  ‘thoroughly  in  dear  running  tap  water. 

3.  Alkaline  degrease  - see  procedure  above. 

4.  Rinse  thoroughly  in  dear  running  tap  water. 

5.  Immerse  for  10  minute*  at  75  ± 5*F  in  the  following  bath: 

Distilled  Water  73-95  oz/gal 
Nitric  Add  42*  Be  30-50  ox/gal 
Hydrofluoric  Add  70%  3-5  ox/gal 

6.  Rinse  thoroughly  in  dear  running  tap  water. 

7.  Air  dry  for  10-20  minute* 

8.  Fonoe  Ay  for  15  minutes  at  150*F. 

9.  Bond  or  prime  within  four  hours  ailer  preparing. 

E.  Cured  fiberglass  or  carbon  fiber  reinforced  epoxy  resin  based  reinforced 
plastic. 

1.  Abrade  with  180  grit  paper  or  3M“  Scotch-Brite™  Scour  Pad  (do  not 
cut  through  resin  into  reinforcing  fibers). 

2.  Degrease  using  acetone  or  using  an  unsized  cbccsccloth  pad 

3.  Air  dry  for  two  hours  minimum. 
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XVU.  i’rtmm 

For  must  applications.  uac  of  a corrosion  inhibiting  pnmer  is  suggested  to 
obtain  maximum  bond  durability  is  moist,  corrosive  environment*.  3M™ 
Scotch-Weld™  Structural  Adhesive  Primers  EW-5000,  EW-SOOOAS,  and 
EC-3917  have  all  been  successfully  used  with  3M™  Scotch- Weld™  Structural 
Adhesive  Film  AF  555.  Because  of  its  characteristics  which  allow  both  spray 
and  bnwh  application  methods,  either  Scotch  Weld  BW  5000  or  EW  5000AS 
are  normally  suggested  for  use  with  Scotch- Weld  AF  555  films.  For  suggested 
application  techniques,  refer  to  (be  respective  primer  data  sheets 

Primer  Coverage 

For  the  primers  noted  above,  the  optimum  mechanical  property  test  performance 
with  Scotch- Weld  AF  555  Film  will  normally  be  found  with  uniform  pnmcr  coverage 
in  the  1-3  g/W  range  (dry  weight)  This  is  approximately  01  mils  as  measured 
by  an  barncter*.  As  the  primer  weight  is  increased  a gradual  decrease  in  km 
temperature  peel  strength  will  be  found  along  with  increasing  levels  of  cohesive 
fracture  m the  pnmcr  layer  (exception:  properly  controlled  180*  T-Ptd 
does  not  normally  show  tins  effect)  Where  specific  tests  and  required  strength  levels 
arc  involved,  a few  simple  experiments  with  varied  primer  coverage  will  be  required 
to  establish  an  allowable  primer  coverage  range.  Further  applications  can  then  be 
controlled  by  correlating  color  or  thickness  standards  for  the  acceptable  range. 
♦Isometer  from  Forster  Instruments.  Ontario,  Canada. 

Scotch-Weld  FW5000  & F/W5000  AS  Primers  Application 

The  following  cycle  is  suggested  for  there  primen  when  used  with  Scotch- Weld 

AF  555  films: 


EW5000  Sc  EW5000AS 

EC-3917: 

Cured  ThkhmsA 

0.10-0.28  mils 

0.10-0.20  mil* 

Air  Dry 

30  minutes 

60  minute* 

Force  Dry 

1 80  t.  5*F  for  30  ± 5 minutes 

250  ± 5*F  for  60  * 5 minutes 

XVm.  Adhesive  FUm  Application 

Care  should  be  taken  during  application  to  avoid  contamination  of  che  adhesive 
and  substrates  by  any  mb&tanoe*  which  will  interfere  with  the  wetting  action  of 
the  adhesive. 

Layup: 

A.  Scotch- Weld  AF  555  U,  M,  or  K Films 

1 . Cut  a portion  of  film  sufficient  for  the  assembly  from  the  nock  roll  with 
protective  hnerts)  in  place. 

Z If  the  film  has  one  protective  liner,  place  the  exposed  adhesive  against  the 
substrate  using  the  liner  as  a protective  cover.  If  two  hners  arc  present,  remove 
one  and  follow  as  above. 

3.  Position  film  and  iub  out  til  air  between  the  adhesive  aid  the  substrate.  Use  of 
a rubber  roller  will  facilitate  this  process. 

4.  Remove  protective  liner. 

5.  Complete  assembly  being  careful  to  avoid  trapping  air  and  cure. 
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XIX.  Cure  Cooditfcxu  & Characteristic* 

Scotch- Weld"*  Structural  Adhesive  Ftbn  AF  555  is  designed  to  provide 
short  core  times  in  Ac  300  to  355°F  temperature  range.  While  performance  outside 
this  cure  temperature  range  has  not  been  fully  investigated,  limited  results  suggest 
that  cure  temperatures  as  high  » 375‘F  may  be  used  as  well  as  longer  cure  bines  at 
200*F  (6  hrs.)  to  obtain  useful  performance. 

A.  Standard  Cure  Cyde  for  Positive  Pressure  (Autoclave)  Cure 

- 4 5"P/min.  rise  rale  to  355  ± 5*F. 

- Vacuum  bag  target:  28  inches  Hg. 

- Release  (vent)  vacuum  bag  pressure  when  positive  pressure  reaches  a level  of  15  psl 

- Positive  pressure  target:  15-20  ps<  Pressures  as  high  as  45  psi  can  be  used.  If  45  psi 
pressure  is  being  used  to  cure  overlap  shear  specimens,  shimming  must  be  used  to  optimize 
bond  hue  thickness. 

- Soak  time:  120  minutes  ± S min.  & 355T  bond  line  temperature, 

- Cool  down  (S'  lOT/min.  to  75T. 

- Release  positive  pressure  when  bond  line  temperature  reaches  100°F. 

B.  Wcsgjht  Lons  During  Cura  (3M  Test  Method  0274): 

Less  than  1%  (60  min  at25CTF) 

C Cura  Time  and  Temperature 

For  temperatures  from  325  to  355°F.  a cure  time  of  120  minutes  at  temperature 
is  suggested  Following  cure,  it  is  suggested  that  pressure  be  maintained  until 
the  assembly  has  been  cooled  to  1WFF  or  below. 

D.  Heat  up  rate 

Bond  line  temperature  rise  rates  between  l°F/mm.  and  20T/mia  have  been  used 
successfully  with  Scotch- Weld  AF  555  films.  It  must  be  noted  that  hoc  entry  cures 
at  300*F  and  above  can  be  expected  to  produce  reduced  performance  doc  to 
formation  of  bood  hoc  porosity. 

E.  Core  Pressure 

I.  Positive  Pressure  Cures 

During  cure,  pressure  is  required  to  keep  parts  in  alignment  and  to  overcome 
distortions  and  thermal  expansion  of  the  adherends.  When  banding  honeycomb 
assemblies  with  non-pertoratoc  core,  pressure  is  required  to  overcome  the 
thermal  expansion  of  air  m the  honeycomb  cells  Positive  pressure  between  70 
and  80  psi  have  been  used  successfully  with  3M™  Scotch- Weld™  Structural 
Adhesive  Rim  AF  555.  For  very  small  area  bonds,  however,  pressures  at  the 
higher  cod  of  this  range  may  produces  excessive  squeeze  out  and  adhesive  bond 
line  starvation.  For  large  solid  panel  constructions  which  axe  autoclave  cured, 
application  of  vacuum  for  15  to  20  minuses  prior  to  application  of  heat  and 
pressure  is  suggested  to  assist  in  removing  any  residual  air  trapped  in  the  assembly. 
Normally,  the  vacuum  is  released  following  application  of  positive  pressure  ® 
15-20  psi.  For  problem  assemblies,  maintain  the  vacuum  during  the  heatup  cyde 
to  about  1 30*F  to  further  assist  in  providing  void  free  bonds. 

X Vacant  Curing 

Scotch- Weld  AF  555  films  can  be  successfully  cured  using  vacuum  cure 
techniques.  For  performance  comparable  to  positive  pressure  cures,  Scotch- Weld 
AF  555  films  should  be  cured  using  a vacuum  lewd  in  the  range  of  8-22  inches 
of  mercury.  Higher  vacuum  levels  yield  excessive  porosity  and  corresponding 
strength  reductions.  Scotch- Weld  AF  55SM  versions  have  shown  a high  level  of 
performance  mention  across  the  10-25  inches  of  mercury  vacuum  level  range. 
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XX  Complimentary  3M  Products  for  use  with  Scotch- Weld  A F 555  FQm 

3M«  Scotch-Wcld  Adhesive  Primer  EW-5000 

3M™  Scocch-WekJ  Adhesive  Primer  EW-5000  AS 

3M™  Scotch-Wckl  Adhesive  Primer  EC-3917 

3M”  Scotch-Wcld  Cot  Splice  Adhesive  AF-3024 

3M™  Scotch-Wcld  Void  Filling  and  Edge  Scaling  Compound  EC-3524  B/A 


Precautionary  Refer  to  Product  Label  axxl  Material  Safety  Data  Sheet  for  health  aod  safety  infurrmfccm  before  urn*  thij  product 

Informix ob  Foe  additional  hethh  and  safety  mfraation,  mil  www3M.eam»‘n»da  orcall  1-800-364-3577  or  (651 ) 737-6501. 


Additional  In/orraadoi  hi  the  US.,  cal  toil  free  i-WO-235-2376,  of  fox  1-800-435-3062  or  651-737-2171  For  US  Military,  cull 

or  To  Order  1-866-556-5714  If  you  are  outside  of  the  U S , pteaac  ootnaot  your  o cars*  3M  office  or  one  ot  (be  tbtfovmi  bnachca: 


Australia 

61-2-498-971 1 tel 
61-2-498-9710  fox 

Austria 

01-86686-296*1 
01  86686  229  fox 

Brazil 

53  29  3838-7876  td 
55  19  3838  6892  fox 

Canada 

8004104880  cal  6018  lei 
800  263  3489  fin 

China 

86-21-62753535  tel 
86-21-62190698  fax 

Denmark 

45-43-480100  *1 
45-43-968596  fax 

France 

0810-331-300  tel 
30-31-6195  fox 

Granny 

02131-14-2344  tel 
02131-14-3647  foa 

Italy 

02-7035-2177  tel 
02-7035-2125  fax 

Japan 

03-3709-8245  tel 
03-3709*8743  fox 

Korea 

02-3T71 4114  id 
02-786-7429  fox 

Yachertaadi 

i | -5450-272*1 
31-71  -5-450*280  fox 

South  Africa 

11  922  9ILled 
11-922-2116  fax 

Spain 

3491  321  6000  Id 
34-91-321-6002  fax 

Switaaviand 

01  724-91 14  Id 
01-724-9068  fox 

United  Kingdom 

CO)  161  237  6174  Id 
(0)  161-237-3371  fox 

Important  Notice  3M  MAKES  NO  WARRANTIES,  EXPRESS  OR  tMPUFA  INCLUDING,  BUT  NOT  UMTHIO  TO.  ANY  IMPLIED 

WARRANTY  OF  MERCHANTABILITY  OR  FITNESS  FOR  A PARTICULAR  PURPOSE  Uaer  n feapcesibtc 
far  detarmining  whether  the  3M  product  is  fit  for  a particular  purpose  and  vJtsblc  foe  user*  method  of  application 
Please  rrrneenber  that  marry  fhr.cn  can  affect  the  use  and  performance  of  a 1M  product  is  a particular  application.  The 
materials  to  be  bonded  with  the  product,  the  surface  preparation  of  those  material*,  the  product  selected  for  use,  die 
ccodition*  xl  which  foe  product  ii  used,  and  foe  time  and  MwocmeotaJ  coodtixmi  in  which  foe  product  u expected 
to  perform  are  among  die  maay  factors  that  can  aBcd  the  uac  seal  performance  of  a 3M  product  ti«vcn  the  variety 
of  factors  foal  can  affect  the  use  and  performance  o:  a 3M  product,  lorre  of  which  are  uniquely  wrhin  the  uaert 
knowledge  aad  c octroi,  it  j essential  that  tho  user  evaluate  the  3M  product  to  determine  whether  it  it  fit  far  a particular 
purpose  and  suitable  fer  the  user’s  method  of  application. 


Limitation  Of  Rtmaditl  If  the  3M  product  in  proved  U>  be  defective,  THE  EXCLUSIVE  REMEDY 

and  Liability  AT  3M’S  OPTION.  SHALL  BE  TO  REFUND  THE  PURCHASfc  PRICE  OF  OR  TO  REPAIR  OR  REPLACE  THE 

DEFECTIVE  3M  PRODUCT.  3M  shall  not  othcmac  be  Itebfc  foe  lose  or  daeuget.  whether  direct,  indirect,  special, 
incnJotul,  or  consequential,  injjirdle**  of  the  legal  theory  nsunte^  mdudjng,  bU  nut  InniOexJ  lo,  umtmct,  negligence, 
wwranty,  or  strict  Uabclity 
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Aarospaca  and  Aircraft  Maintenance  Oteldcn 
2M  Center  5ut  Jhg  22S-1M-14 
arwRimssiia-tmci 

l-BOO-23f>-?j7J 

■**'  JW.ctn.WMpm 


-true  Hecydo  mated  t USA 
0 311  2077.  MflpMlS— im. 


Figure  A18.  Scotch-Weld  AF555M  Film  Adhesive  Material  Properties 
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The  A1  honeycomb  fill  material  used  was  procured  from  Texas  Almet  part  number 
3.1  1/8  .0007P  5052  (3.1  pcf),  1/8-inch  hexagonal  cell  size,  0.0007-inch  foil  gauge, 

P = perforated,  5052  A1  alloy).  The  ROHACELL®  foam  used  was  ROHACELL®  200  WF, 
which  is  a closed-cell  rigid  polymethacrylimade  foam  and  was  procured  from  Evonik  Industries 
(reference  Figure  A19  for  the  ROHACELL®  foam  material  properties). 
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EvoniK 

IMBUSTRIRS 


f Product  Information 


ROHACELL*  WF 

Polyrnethacrylimicfc*  Foam 


ROHACELL*  WF  is  a rloscc  cell  rigid  loam 
basec  on  potymcthacrylimide  (PMO  chemistry, 
which  docs  not  contain  any  CFC's. 

ROHACELL*  W*F  has  been  designed  for  use 
primarily  In  aerospace  applications,  in 
aeditton  to  conforming  to  our  material 
specification  sheet  it  satisfies  the  usual 
industry  requirements  such  as  MIL  and  CMS 
specifications. 

ROHACELL*  WF  Ogle  foam  car  be  processec 
at  pressures  of  up  to  0.7  MPa  anc 
temperatures  of  up  to  13CTC  It  is  therefoie 
highly  suitec  for  autoclave  prepreg 
piocessing  and  all  typical  resin  infusion 
processes 


After  heat  treatment.  ROHACELL*  WF  can 
even  tolerate  curing  temperatures  of  180'C 
at  a pressure  of  0 7 MPa 

The  thermo-formablllty  of  ROHACELL* 
provides  a tremercous  manufacturing 
advantage. 

ROHACELL*  WF  is  also  easy  to  shape  by 
machimrq 


For  further  information,  please  contact  our  experts  by  phone  +49  6151  18  1005  or  e-mail 
rohacell4Pevonlk.com 
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Properties  of  ROHACFLL*  WF 
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Figure  A19.  ROHACELL®  Foam  WF  200  Material  Properties 
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A2.3  Test  Support  Hardware  Materials 

Mounting  accelerometers  to  the  test  panels  is  critical  for  ensuring  acquiring  quality  acceleration 
data.  The  accelerometers  must  be  fully  seated  360°  for  optimal  response.  For  the  initial 
pathfinder  tests  (using  the  0.187-inch  A1  plate)  the  plate  was  drilled  and  tapped  for  1/4-28  thread 
and  the  PCB350  accelerometers  were  mounted  and  torqued  directly  to  the  A1  plate.  With  the 
monolithic  composite  panels  it  is  not  possible  to  mount  the  accelerometers  directly  to  the  test 
panel  and  ensure  they  will  remain  installed  during  the  pyroshock  event.  The  approach  for 
mounting  the  accelerometers  the  monolithic  panel  was  to  drill  and  tap  the  composite  panels  with 
a 7/16-14  thread  and  to  procure  steel  inserts  with  a 7/16-14  outer  diameter  thread  and  an  inner 
diameter  thread  of  1/4-28.  Figure  A20  shows  the  threaded  inserts  that  were  used  for  all  of  the 
monolithic  panel  tests.  The  inserts  were  threaded  into  monolithic  composite  panels  until  flush 
with  the  front  surface  of  the  panel  and  bonded  in  place  using  Hysol®  9394  adhesive.  The  locking 
keys  were  not  use  and  were  removed  after  installation  of  the  inserts. 


Heavy  Duty 
Stainless  Steel 

Figure  A20.  Threaded  Insert  for  Accelerometer  Mounting 

The  composite  sandwich  panels  produced  new  challenges  for  mounting  the  accelerometers  to  the 
Group  II  and  Group  III  test  specimen.  The  installation  method  chosen  was  to  procure  blind 
threaded  inserts,  which  are  potted  in  the  sandwich  panel  such  that  the  top  of  the  insert  is  flush 
with  the  front  facing  composite  face  sheet.  Mounting  of  the  accelerometers  consisted  of 
threading  into  the  insert  and  torque  to  specified  torque  value.  Figure  A21  shows  the  blind  insert 
that  was  used  to  install  the  accelerometers  to  the  composite  sandwich  panel.  Figures  A22  and 
A23  depict  examples  of  the  ROHACELL®  Foam  and  A1  honeycomb  sandwich  panels  prior  to 
insert  installation,  respectively. 
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AEP1035 
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-LENGTH  DASH  NUMBER  (SEE  TABLE  II) 
NUT  ELEMENT  MATERIAL  (SEE  TABLE  III) 
THREAD  SIZE  (SEE  TABLE  I) 

-SPECFY  (N)  FOR  NON-LOCKING  THREADS 
-BASIC  PART  NUMBER 
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PROPRIETARY  DATA 


OF  MARKETING  MASTERS  INC 
NOT  TO  BE  RELEASED  WITHOUT 


EXPRESSED  WRITTEN  PERMISSION 


TAIL!  I 


sze 

CODE 

T THREAD 
MIL-8-S078 

0A 

B 

REF 

INSTALLATION 
HOLE  SIZE 

04 

.112040UNJC3B 

NO 

150 

S02-S09 

06 

.1360-32UHJC-3Q 

.100 

M 

.1 040  - 32U  N J 03  B 

3 

.WOO  HUNJF46 

4 

2900-28UNJ  F-3B 

000 

.180 

.007-  080 

TABLE  II 


LENGTH 

DASH 

MO. 

L 

-240 

241 

•310 

311 

-371 

.370 

•080 

.565 

•XXX 

XXX 

NUT 

ELEMENT 

MATERIAL 

CO06L 

NUT  ELEMENT 

HOUSING /CAP 

8 

CARSON  STEEL  PER  ASTM  5005 
THREADS  PBR  AS6078 

FINISH.  CADMIUM  PLATE  PER  OO-P-41 6,  TYPE  II,  CLASS  2 

ENGINEERING  POLYMER. 
PAI  (POL YAM  OE-IM  IDE) 
ASTM  D 9204 

TORLON  42S3L44F 

C 

CORROSION  RESISTANT  STEEL 
IN  ACCORDANCE  WITH  ASTM  A587 
OR  AMS6640 

PASSIVATE  PER  AMS  2700, 
AND  SOLD  FILM  LUBE  PER 
AS  6272,  TYPE  1 

NOTES:  UNLESS  OTHERWISE  SPECIFIED 

1.  TOLERANCES.  UNLESS  OTHERWISE  SPECMttD,  JCXX-lOII 

2.  AN  ADHESIVE  BACKED  BtfTALLATtON  TAB  PT-7  B FURNISHED  RUTH  EACH  INSERT. 
[7]  PARTS  MEET  LOCKING  TORQUE  REQUIREMENTS  OF  NA3M25027. 

4.  SUFFIX  N TO  BASIC  PART  NUMBER  INDICATES  NON  LOCKING  NUT. 

5.  MAXIMUM  BOLT  ENGAGEMENT  SHOULD  NOT  EXCEED  “L"  HMDS  .060”. 
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ax* 

04/28/96 

JPG 
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Figure  A21.  Clipnut  Sandwich  Panel  Blind  Insert  for  Accelerometer  Mounting 
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Figure  A22.  ROHACELL®  Foam  Sandwich  Panel  Prepped  for  Insert  Installation 
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For  subjection  of  the  composite  panels  to  test,  the  panels  are  suspended  at  the  top  two  comers  of 
the  panels  using  straps  and  shackles,  with  1/2-inch  fasteners.  Since  the  compressive  strength  of 
the  composite  sandwich  panels  is  relatively  low,  it  is  not  possible  to  torque  the  1/-2  bolt  and  nut 
to  55  foot-pounds  (ft-lb).  To  resolve  this  issue  stainless  steel  sleeves  were  procured  and 
machined  to  specific  lengths  so  the  sleeve  would  be  just  under  flush  with  the  backside  composite 
face  sheet  to  accommodate  the  fastener  torque  load.  Initially,  the  sleeve  with  the  flange  was 
machined  to  length  and  bonded  to  the  through  hole  machined  in  the  sandwich  panel.  After  the 
first  panel  was  fabricated  in  this  manner,  it  was  decided  to  machine  the  sleeve  to  remove  the 
flange  and  not  bond  them  to  the  panel.  The  sleeves  were  inserted  into  the  through  holes  in  the 
panel  during  assembly  of  the  panel  into  the  test  fixture.  The  sleeves  were  re-usable  and  sleeve 
pairs  were  machined  in  ~ 0.010-inch  length  increments  from  1.070  inches  up  to  1.140  inches. 
Figure  A24  provides  detail  on  the  stainless  steel  composite  sandwich  panel  mounting  sleeve. 
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lAil  T TEN  F ns  TENERS 


352  SERIES 

THRU-HOLE  SLEEVE,  PROTRUDING 


POTTING  HOLES 


KNURLED  SURFACE 


TABLE  I 


DASH 

NO. 

I.D. 

±.005 

A 

±.020 

B 

±.010 

-101 

.153 

.550 

.253 

-103 

.179 

.550 

.379 

-105 

.202 

.600 

.302 

-107 

.217 

.600 

.317 

-109 

.265 

.670 

.365 

-111 

.280 

.670 

.380 

-113 

.327 

.730 

.427 

-115 

.342 

.730 

.442 

-117 

.390 

.800 

.490 

-119 

.405 

.800 

.505 

-121 

.452 

.850 

.552 

-123 

.467 

.850 

.567 

-125 

.515 

.920 

.615 

-127 

.530 

.920 

.630 

-129 

.640 

1.050 

.740 

-131 

.655 

1.050 

.755 

-133 

.765 

1.170 

.865 

135 

.780 

1.170 

.880 

.050 


TABLE  II 


DASH 

L 

NO. 

±.030 

-4 

.250 

-5 

.312 

-6 

.375 

-7 

.437 

-8 

.500 

-9 

.562 

-10 

.625 

-11 

.687 

-12 

.750 

-13 

.812 

-14 

.875 

-15 

.937 

-16 

1.000 

-18 

1.125 

-20 

1.250 

-22 

1.375 

-24 

1.500 

-28 

1.750 

EXAMPLE:  PART  NUMBERING  SYSTEM 


352  — 105  — 9 — A 


Series  Prefix 
Thread  Code  No.  (Table  I) 
Length  Dash  No.  (Table  II) 
Material: 

A=Alum  Alloy  (Chem  Film  Finish) 
C=Carbon  Steel  (CAD  Plate  Finish) 
Z=Carbon  Steel  (Zinc  Plate) 
SS=Stainles5  Steel 
SP=Stainless  Steel  (Passivate) 


WITTEN  COMPANY,  INC. 
918-272-9567 


Note:  A dash  number  -125  with  a length  of  -20  fabricated  from  passive  stainless  steel  was  used. 
Figure  A24.  Witten  Company , Through-Hole  Sleeve  for  Mounting  Sandwich  Panels 
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In  addition  to  the  inserts  and  sleeves,  the  test  support  hardware  for  the  pyroshock  testing 
included  the  sacrificial  LSC  plate,  the  backing  support  plate,  and  the  LSC  standoff  shims.  The 
LSC  plate  and  the  LSC  standoff  shims  were  fabricated  from  5052  A1  alloy  (except  for  the 
composite  LSC  plates  as  noted  in  Table  7.0-4  (test  Group  III))  and  were  expended  in  test,  thus 
not  re-usable.  Two  backing  support  plates  were  fabricated  from  5052  A1  alloy  and  were  re-used 
through  the  entire  test  series. 

A2.4  Melamine  Acoustic  Foam 

The  MAF  tests  were  not  included  in  the  baseline  task  assessment  plan  and  were  added  to  the  task 
assessment  plan  in  the  August  15,  2014,  scope  update  to  the  assessment  plan.  The  MAF  used  for 
these  tests  was  procured  from  Soundcoat  in  accordance  with  the  MSFC  generated  melamine 
foam  drawing  (reference  Figure  A12-2).  The  acoustic  foam  was  configured  with  a thin  layer  of 
conductive  Kapton®  film  covering  both  the  front  and  backsides  of  the  acoustic  foam.  Figure  A25 
provides  the  material  properties  of  the  MAF  and  Figure  A26  provides  information  on  the 
Kapton®  film. 
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Chemical  Type 

Color 

Thickness.  min  («.): 

Sheet  Size,  men  (in.): 
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Tensile  Strength.  kPa(psi)t 
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Figure  A25.  MAF  Material  Properties 
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Figure  A26.  MAF  Kapton®  Film  Data 
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A3  Fabrication 

The  EM42  personnel  fabricated  all  of  the  composite  panels  at  MSFC.  The  panels  were 
fabricated  per  the  steps  listed  in  MSFC  work  orders  approved  by  EM42  Engineering  and  the  task 
assessment  technical  lead  (see  Figure  A27,  A28,  and  A29  for  monolithic,  sandwich,  and  MAF  as 
typical  examples).  Figure  A30  shows  a pictorial  overview  for  assembly  of  a ROHACELL®  foam 
sandwich  test  panel. 
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Title:  Pyroshock  Pathfinder 
Work  order  number:  0320 
Panel  ID:  0320A001 

0320  - Work  Order  Number 
1 = LM7  Prepreg  material  fiber  type 

001  * panel  number 

Panel  Dimensions:  36’*  x 72”, 

Panel  Materials:  IM7/TC3S0  6K  5HS,  280  gsm,  42T 

NOTES: 

Only  materials  listed  in  the  applicable  OWIs  arc  permirted  in  the  work  area  to  aid  in  the 
prevention  of  contamination.  Materials  containing  silicones  and  tools  used  with  those  materials  are 
prohibited  in  the  work  areas. 

Vacuum  bag  material  shall  be  verified  to  have  no  visible  contamination  prior  to  installation  onto 
test  panel  for  curing  with  an  inspection  distance  of  6-1 8 inches  using  adequate  shop  lighting. 

F;or  metallic  support  hardware,  wipe  down  using  lint  free  clean  wiping  cloths  and  Acetone  or 
Methyl  Ethyl  Ketone  (MEK)  to  remove  any  potential  contamination  that  could  be  introduced  into  the 
processing. 

- Identity  of  test  panels  shall  be  maintained  throughout  processing,  photography,  and  testing. 

If  any  anomalies  occur  during  processing  of  this  panel  contact  the  NASA'EM40  Lead  Engineer 
immediately  and  document  the  occurrence  per  EM40-OWI-37. 

All  Kraft  paper  used  through  all  processing  steps  will  be  of  the  acid-free  type. 


Table  1.  Process  and  Material  Identification  Table. 


Material 

Identifying  Numbers 

! TimeOut 
Date  Used  1 of  Freezer 

Time  Into 
Freezer 

initials 

IM//TC350 

fCA^  93  W 

ZiT^/00?/^'/73 

fioit+f 

6H& 

j/J 

Material 

Identifying  Numbers 

Within 
She  If  life 
(Y/N) 

Initials 

Airweave 

1GZgvIG)53- 

Y 

Sealant  Tape 

~toT# !q<> fX 

Y 

Release  Film 

Y 

a v 

& Peel  Ply  (striped) 

AJo ** 

Y 

Vacuum  Bag 

/o  3/62-7? 

Y 

fP 

Process 

Date 

Time 

Initials 

Part  was  bagged 

n I an  f 3*  tz- 

flOc  P r^ 

Taj 

Part  was  placed  in 
autoclave 

u la&fect*' 

3 V 
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Prcprfcg/Adheslve  Preparation 

1.  Place  lint  andjpowder  free  latex  gloves  on  when  handling  prepree  al  all  times 
INITIALS  ,T jU 

2.  Record  out  time  on  NM1H  label  when  remov  ing  any  frozen  malerid,  If  label  is  full,  attach  another  label 
adjacent  to  the  previous  one.  Weigh  prepreg/adhesi  ve  rolls  and  jot  number  next  to  out  time  also  fill  oin  this 
info  in  table  1. 

3.  Allow  4 hours  to  thaw  for  large  prepreg  rolls.  Return  material  to  freezer  immediately  after  cutting  for 
your  panel  to  minimize  out  time. 

4.  Record  ambient  temperature  and  humidity  below. 

Temperature 7?  9 £ 

Humid ity_  L/^%  ygy  ~ 

Laminate  Construction 

1.  Environment  requirements  fur  temperature  and  humidity  for  all  steps  of  lay-up  shall  be  maintained 
during  the  operation  per  the  following: 

Temperature  ■=  70  +/-  5?F 
Humidity  - 4(1  - 55% 

INITIALS:  SV 

2.  Cut  a piece  of  solid  release  film  that  is  larger  than  the  cut  plies.  Label  the  film  with  the  pane!  in  along 
with  the  0°,  45"  and  the  90"  ply  directional  rosette  on  the  edge  of  the  film.  Placement  of  rosette  should  be 
placed  as  seen  below.  Place  the  release  film  on  top  of  the  baseplate  tool  shown  in  Figure  3. 


root  rnifERiucimiE  wen roe- 


3.  Lay  up  plies  of  IM7,TC350  prepreg  placed  in  the  sequence  listed  In  table  1 . A vacuum  cebulk  should 
always  be  performed  after  the  1st  ply  and  at  5 ply  intervals  thereafter.  After  final  dcbulk,  repeat  process  for 
the  second  face  sheet. 

INITIALS:  CP' 
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Table  L Lay-up  Sequence  and  Debulk  Locations. 


Ply  £ 

Time  of  Debulk 

Ply  orientation 
(degrees) 

Initial 

1 

0 

TV  PT 

Dcbulk  for  5 minutes 

Start  time:  7 JcO  Stop  time;  7 ^5" 

.TV  PT 

2 

a 

.TV  PT 

3 

0 

xv  pt 

4 

0 

TV  PT 

5 

0 

.taJ  PT 

Debidk  for  5 minutes 

Start  time:  3 {00  Stop  time: $jc 

TV  PT 

6 

6 

TV  PT 

7 

0 

TV  pr 

8 

1 

0 

TaJ  pt 

9 

0 

taj  pr 

10 

0 

XV  PT 

Debulk  for  5 minutes 

Start  time:  £ $ Stop  time:  :3c 

TV  PT 

11 

0 

TV  PT 

12 

0 

TP  PT 

13 

0 

jp  pr 

14 

0 

xV  pt 

15 

0 

TV  pr 

Debulk  for  5 minutes 

Start  time : /£  „'/ Stop  time : /cl  ^ 

> 

TV  PT 

16 

0 

'Jp  fT 

17 

0 

TV  PT 

18 

0 

TV  FT 
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Lav-Up  & Bagging 
Bagging  Sequence  for  Cure: 

Urtgrmttartilg 

1.  Tool  - aluminum,  steel.  Invar,  composite  (tod  plates  must  be  release  coated  or  film 
covered) 

2.  Release  coat  or  film-  frekqte  700NC  or  770NC.  PEP.  TEDLAR 
3 Silicone/Rubber  Edge  Dams -Thicker  than  laminate 

4.  Laminate 

5.  Release  coat  or  film  - Effifeote  700NC  or  770NC,  FEP,  TEDLAR 

6.  Cad  plate-  aluminum,  steel.  Invar,  silicone  rubber  sheet  (metal  caul  plates  must  be 
release  coated  or  wrapped)) 

7.  2.2  jKy  polyester  breather  - 1 or  more 
B.  Vacuum  bag 

9.  Vacuum  sealant 

10.  Glass  yam  string  - (alternatively  or  additionally  breather  may  wrap  over  top  of  dam  to 
contact  edge) 


Figure  3.  Lay  Up 

1.  Fallow  Figure  3 as  a guide  to  panel  lay  up  materials  and  layer  sequence.  Ensure  curing  plate  has  been 
solvent  wiped  to  remove  potential  contaminants  using  MHK  or  acetone  and  clean  lint  free  wipes.  Wipe  in  a 
linear  motion  toprevent  recontamination. 

INITIALS:  jy 

2.  Install  thermocouple  to  monitor  the  temperature  of  the  part  during  cure.  Bag  part  pet  Figure  3.  Before 
bagging  an  EM40  engineer  must  check  and  sign  off. 

INITIALS:  J W KM40  ENGINEER  INT1ALS: 

3.  Encompass  lay  up  in  vacuum  bag  in  preparation  for  cure  cycle.  Pull  vacuum  at  25  inHg  minimum.  Leak 
check  vacuum  bag  by  disconnecting  the  vacuum  line  and  installing  a vacuum  gauge.  Ensure  that  the  leak 
rate  does  not  exceed  1.0  inHg  after  five  minutes.  If  leak  is  detected  completely  replace  vacuum  bag  and 
repeat  process. 
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4.  Keep  track  of  which  thermocouple  wire  number  is  assigned  to  this  panel  during  the  cure  by  noting  here: 

ft  *-!  kqcr  & Cfav*'  L&y-uf  A'lW. 

#5~  kCcfavC  f<C,ai  ph+4- 

5.  Cure  times  and  temperature  shall  be  recorded  using  the  autoclave  data  recorder  for  traceability.  Print  the 
recorded  cure  cycle  profile  and  attach  it  to  the  Shop  Traveler.  Cure  the  panel  using  the  autoclave  per  the 
following  cure  cycle: 

• 75°  to  350*  @ 37min  ~=  1 hour  30  min 

• 350“  hold  ~=  2 hour  0 min 

• 350“  to  75*  @ 57min  ~=  60  min 


Pathfinder  Panel  Cure  Cycle 
• Autoclave  cure  at  90  - 100  psi 


TC350  TOUGHENED  EPOXY  RESIN  SYSTEM:  Cure  cycla 


6.  Remove  all  sharp  edges  from  the  as-cured  panels  using  a file,  rasp,  or  abrasive  paper.  Mark  with  panel 
identification,  core  ribbon  direction,  0®  orientation,  1 .0"  from  the  edge  of  die  panel  using  a paint  pen 

7.  Record  all  anomalies  or  process  deviations  below  and  coordinate  with  EM40  I^ad  Engineer: 

jUon*'  


DATE:  INITIALS:  'TAj 


8.  Deliver  cured  panel  to  EM20  forNDE  inspection.  Attach  results  of  inspection  to  the  end  of  this  Work 
DATE:  /7/^y/S.  o /^INITIALS:  2^ 
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5.  Provide  the  results  of  the  NDE  inspection  to  the  lead  EM40  engineer. 
DATE: INITIALS: 


1 0.  After  NDE.  use  the  template  to  drill  center  holes  (See  attached  drawing)  and  drill  only  two  .51 62 -inch 
holes  that  will  be  required  on  one  end  at  each  comer  for  hanging  the  panels 
DATE:  W/t/jLtdJINlTlAlS: 


1 1 .  Install/bond  provided  inserts  (41428SKS)  into  the  center  holes  of  the  panel.  The  inserts  shall  be  flush 
with  the  panel  on  one  side.  Please  remove  locking  parts  of  the  inserts 
DATE:  WffpLP  INITIALS:  ZfW 


12.  Provide  a copy  of  the  fabrication  traveler  to  EV32. 
DATE:  /gfNlTiALS:  (7/^ 


13.  Provide  cured  panel  to  F,V32  ^ j 

DATE:  //y^/^INITlALS:  UA* 
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Title:  Pyroshock  Pathfinder 
Work  order  number:  0320 
Panel  ID:  0320A002 

0320  = Work  Order  Number 

1 = 1M7  Prepreg  material  fiber  type 

002  - panel  number 

Panel  Dimensions:  36*  x 72”,  plies 

Panel  Materials:  IM7/TC3506K  5HS,  280  gsm,  42* 

NOTES: 

Only  materials  listed  in  the  applicable  OWls  are  permitted  in  the  work  area  to  aid  in  the 
prevention  of  contamination.  Materials  containing  silicones  and  tools  used  with  those  materials  arc 
prohibited  b the  work  areas. 

Vacuum  bag  material  shall  be  verified  to  have  no  visible  contamination  prior  to  installation  onto 
test  panel  for  curing  with  an  inspection  distance  of  6-1 8 inches  using  adequate  shop  lighting. 

For  metallic  support  hardware,  wipe  down  using  lint  free  clean  wiping  cloths  and  Acetone  or 
Methyl  Ethyl  Ketone  (MEK)  to  remove  any  potential  contamination  that  could  be  introduced  into  the 
processing. 

Identity  of  test  panels  shall  be  maintained  throughout  processing,  photography,  and  testing. 

If  any  anomalies  occur  during  processing  of  this  pane':  contact  the  NASA/KM4P  Lead  Engineer 
immediately  and  document  the  occurrence  per  EM40-OW1-37. 

All  Kraft  paper  used  through  all  processing  steps  will  be  of  the  acid-free  type. 


Table  1.  Process  and  Material  Identification  Table 


Material 

Identifying  Numbers  Date  Used 

Time  Out 
of  Freezer 

Time  Into 
Freezer 

Initials 

IM7/TC3S0 

t*/o3f<2*i±. 

fpez/^ 
/ .'80 

' ' ! 

Material 

Identifying  Numbers 

Within 

Shelflife 

(Y/N) 

Initials 

Airweave 

•7  03  00/ 02  *r  .3. 

Y 

Jp 

Sealant  Tape 

uT# 

Y 

rrP 

Release  Film 

ASOOO  {l:o/*-h 

Y 

77V 

Peel  Ply  (striped) 

Y 

jV 

Vacuum  Bag 

tohio*  99 

Y 

Process  i Date 

Time 

Initials 

Part  was  bagged  f l/jin / 

/'■ee  i>.,y 

TV 

Part  was  placed  in 
autoclave 

ll/zs  /<&  13- 

9!<f 0 A~ 

DV 
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P rep rey/ Adhesive  Preparation 

1.  Place  lint  and  powder  free  latex  gloves  on  when  handling  prepreg  at  all  times. 

INITIALS  V 

2.  Record  out  time  on  NMIH  label  when  removing  any  frozen  material.  If  label  is  full,  attach  another  label 
adjacent  to  the  previous  one.  Weigh  prepreg/adhesive  rolls  and  jot  number  next  to  out  time  also  fill  out  this 
info  in  table  I . 

3.  Allow  4 hours  tn  thaw  for  large  prepreg  rolls.  Return  material  to  freezer  immediately  after  cutting  for 
your  panel  to  minimize  out  time. 

4.  Record  ambient  temperature  and  humidity  below. 

Temperature 

Humidity. qSjjM 

Laminate  Construction 

1.  Environment  requirements  for  temperature  and  humidity  for  all  steps  of  lay-up  shall  be  maintained 
during  the  operation  per  the  following: 

Temperature  - 70  +/-  5T 
Humidity  = 40  • 55% 

INITIALS:  J*/ 

2.  Cut  a piece  of  solid  release  film  that  is  larger  than  the  cut  plies.  Label  the  film  with  the  panel  ID  along 
with  the  0",  45n  and  the  90°  ply  directional  rosette  on  the  edge  of  the  film.  Placement  of  rosette  should  be 
placed  as  seen  below.  Place  the  release  film  on  top  of  the  baseplate  tool  shown  in  Figure  3. 


FT]  TOOL  PREFERENCE  LINE  MSfl 


3.  Lay  up  plies  of  1M7/TC350  prepreg  placed  in  the  sequence  listed  in  table  1 . A vacuum  debulk  should 
always  be  performed  after  the  1st  ply  and  at  5 ply  intervals  thereafter.  After  final  debulk,  repeat  process  for 
the  second  face  sheer 
INITIALS: 


J> 
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Ply  # 

Time  of  Debulk 

Plv  orientation 
l_  (degrees) 

Initial 

1 

A .on  ui 

S 45 

Ij/J 

Debulk  for  5 minutes 

Start  time:  Stop  time: 

my 

2 

-45 

3 

0 

'T/I/ 

4 

0 

3// 

5 

Debufk  fr>r  S minntftt 

t a m . -“1  J //  Ha  . . fy  * 

45 

rx?J 

10 


Dcbulk  for  5 minutes 


n 


12 


13 


14 


15 


Start  Stop  time:^/^ 


-45 


90 


90 


90 


45 


Debuik  for  5 minutes 


16 


17 


18 


Start  tim c:/Q  Stop 


Ityc&fj&r*-  f'oo  r* 


-45 

45 


90 


-45 


_02 l 


J7V 

~JaT 


W 


m 


m. 


Try 


J v~ 


JV 


3jU 
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Lay-Up  & Bagging 
Bagging  Sequence  for  Cure: 

Uftjf  mftariili 

1.  Tool  - aluminum,  steel.  Invar,  composite  (tool  plates  must  be  release  coated  or  film 
covered) 

2.  Release  coat  or  film  - frekgtg  7O0NC  or  770NC,  FEP,  TEDLAR 
5.  SlIlcorve/RubberEdge  Da  ms -Thicker  than  laminate 

4.  Laminate 

5.  Release  coat  or  film  - fretate  700NC  or  770NC,  FEP,  TEDLAR 

5.  Caul  plate  -aluminum,  steel.  Invar,  silicone  rubber  sheet  (metal  caul  plates  must  be 
release  coated  or  wrapped)) 

7 2>283U  polyester  breather -lor  more 

6.  Vacuum  bag 

9.  Vacuum  sealant 

10.  Glass  yarn  string  - (alternatively  or  additionally  breather  may  wrap  over  top  of  dam  to 
contact  edge) 


5 t* 

i 

i 

] c 

D 

6 

— 

— 1 

t 

* 

1 

a 

± 

3 

■ 

Figure  3.  Lay  Up 

I Follow  Figure  3 as  a guide  to  panel  lay  up  materials  and  layer  sequence.  Ensure  curing  plate  has  been 
solvent  wiped  to  remove  potential  contaminants  using  MEK  or  acetone  and  clean  lint  free  wipes.  Wipe  in  a 
linear  motion  to  prevent  recontamination. 

INITIALS:  *5V 


2.  install  thermocouple  to  monitor  the  temperature  of  the  part  during  cure.  Bag  part  per  Figure  3.  Before 
bagging  an  EM40  engineer  must  check  and  sign  ofT. 

tNmALS:_3£/  EM40  ENGINEER  1NTIALS: 

3^  Encompass  lay  up  in  vacuum  bag  in  preparation  for  cure  cycle.  Pull  vacuum  at  25  inKg  minimum  Leak 
check  vacuum  bag  by  disconnecting  the  vacuum  line  and  installing  a vacuum  gauge.  Ensure  that  the  leak 
rate  docs  not  exceed  1.0  inHg  after  five  minutes.  If  leak  is  detected  completely  replace  vacuum  bag  and 
repeat  process. 
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4.  Keep  track  of  which  thermocouple  w ire  number  is  assigned  to  this  panel  during  the  cure  by  noting  here* 

k ^ jvo  / 

5.  Cure  times  and  temperature  shall  be  recorded  using  the  autoclave  data  recorder  for  traceability.  Print  the 
recorded  cure  cycle  profile  and  attach  it  lo  the  Shop  Traveler.  Cure  the  panel  using  the  autoclave  per  the 
following  cure  cycle: 

• /5°  to350*  @ 3Vmin  ~=  1 hour  30  min 

• 350°  hold  ~=  2 hour  0 min 

• 350*  to  75*  @ 5°/min  ~=  60  min 


Pathfinder  Pane)  Cure  Cycle 
- Autoclave  cure  at  90  - 100  psl 

TC356  TOUGHENED  EPOXY  RESIN  SYSTEM:  Cut  cyc<e 


6.  Remove  all  sharp  edges  from  the  as-cured  panels  using  a file,  rasp,  or  abrasive  paper.  Mark  with  panel 
identification,  core  ribbon  direction,  0°  orientation,  1 .0”  from  the  edge  of  the  panel  using  a paint  pen 

7.  Record  all  anomalies  or  process  deviations  below  and  coordinate  with  EM40  Lead  Engineer 

/Uon,^  


±3.j^/2or>-  INITIALS  .7/^ 


DATE 


S.  Deliver  cured  panel  to  EM20  for  NDE  inspection.  Attach  results  of  inspection  to  the  end  of  this  Work 
Traveller.  . . 

DATE: /a/ftVZa/a-ffl  1T1ALS:  W 
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9.  Provide  the  results  of  the  NDE  inspection  to  the  lead  EM40  engineer. 
HATH: INITIALS: 


1 0.  After  NDE,  use  the  template  to  drill  center  holes  (See  attached  drawing)  and  drill  only  two  .5 162-inch 
holes  that  will  be  required  on  one  end  at  each  corner  for  hanging  the  panels 
DATE:U//?/j./*~  INITIALS:  <%? 


11.  Instail/bond  provided  inserts  (tf  1428SKS)  into  the  center  holes  of  the  panel.  The  inserts  shall  be  flush 
with  the  panel  on  one  side.  Please  remove  lpcking  parts  of  the  inserts 
DATE: ^//yy^/>/^L4NlllALS:  rTrJ 


12.  Provider  cony  of  the  fabrication  traveler  to  EV32. 
DATE:A2  !<?OM INITIALS:  jP 


13.  Provide#cured  panel  to  FV32 
DATEP/ZtofJ**-  INITIALS 
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Title:  Pyroshock  Pathfinder 
Work  order  number:  0320 
Panel  ID:  0320A003 

0320  - Work  Order  Number 
1 = IM7  Prepreg  material  fiber  type 

003  - panel  number 

Panel  Dimensions:  36”  x 72”,  54  plies 
Panel  Materials:  IIV17  12K.  1 50gsm/TC350, 24” 

NOTES: 

Only  materials  listed  in  the  applicable  OWIs  are  permitted  in  the  work  area  to  aid  in  the 
prevention  of  contamination.  Materials  containing  silicones  and  tools  used  with  those  materials  are 
prohibited  in  the  work  areas. 

Vacuum  bag  material  shall  be  verified  to  have  no  visible  contamination  prior  to  installation  onto 
test  panel  tor  curing  with  an  inspection  distance  of  6-1  $ inches  using  adequate  shop  lighting. 

For  metallic  support  hardware,  wipe  down  using  lint  free  clean  wiping  cloths  and  Acetone  or 
Methyl  Ethyl  Ketone  (MEK)  to  remove  any  potential  contamination  that  could  be  introduced  into  the 
processing. 

Identity  of  test  panels  shall  be  maintained  throughout  processing,  photography,  and  testing. 

If  any  anomalies  occur  during  processing  of  this  panel  contact  the  N ASA'EM40  Lead  Engineer 
immediately  and  document  the  occurrence  per  EM40-OWI-37. 

All  Kraft  paper  used  through  all  processing  steps  will  be  of  the  acid-free  type. 


Table  1 . Process  and  Material  Identification  Table. 


Material 

IM7/TC350 

Identifying  Numbers 

Date  Used 

Time  Out 
of  Treezer 

Time  Into 
Freezer 

Initials 

f<Ac 

■frl  9 (<*£,!•& jsr 
fe&Jt  Cotrhf 

{?*/!  # /( 

t 

1 

1 

i 

i iff) 

Material 

Identifying  Numbers 

Within 

Sbelflife 

(Y/N) 

Initials 

Airweave 

Y 

TV 

Sealant  Tape 

LOT* * /oteot^ 

Y 

Release  Film 

A ‘food 

Y 

~JP 

^Pcel  Ply  (striped) 

> 

c 

A 

M 

Y 

JP., 

Vacuum  Bag 

/ 0^0  2-9*? 

Y 

& 

Process 

Date 

lime 

Initials 

Part  was  bagged 

Part  was  placed  in 
autoclave 

n/f3  /jLtfl- 

~‘jp 
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Prepreg/Adhesive  Preparation 

1.  Place  lint  aiidpowder  tree  latex  gloves  on  when  handling  prepreg  at  all  times. 

INITIALS  CTyJ 

2.  Record  out  time  on  NMIH  label  when  removing  any  frozen  material,  Iflabel  is  full,  attach  another  label 
adjacent  to  the  previous  one.  Weigh  prepreg/adhesivc  rolls  and  jot  number  next  to  out  time  also  fill  out  this 
info  in  table  1. 

3.  Allow  4 hours  to  thaw  for  large  prepreg  rolls.  Return  material  to  freezer  immediately  after  cutting  for 
your  panel  to  minimize  out  time. 

4.  Record  ambient  temperature  and  humidity  below. 

T emperature  S 

Humidity  A?  tf 

Laminate  Obstruction 

1.  Environment  requirements  for  temperature  and  humidity  for  all  steps  of  lay-up  shall  be  maintained 
curing  the  operation  per  the  following: 

Temperature  *=  70  +/-  5°F 
Humidity  = 40  - 55% 

INITIALS:  7fb V 

2.  Cut  a piece  of  solid  release  film  that  is  larger  than  the  cut  plies.  Label  die  film  with  the  panel  ID  along 
with  the  0*\  45q  and  the  90“  ply  directional  rosette  on  the  edge  of  the  film.  Placement  of  rosette  should  be 
placed  as  seen  below.  Place  the  release  film  on  lop  of  the  baseplate  tool  shown  in  Figure  3. 


PH  TOOL  r FEPEREHCE  LINE  |REF) 


3.  Lay  up  plies  of  the  material  placed  in  the  sequence  listed  in  table  1.  A vacuum  debulk:  should  always  be 
performed  after  the  I si  ply  and  at  5 ply  intervals  thereafter.  After  final  debulk,  repeat  process  for  the  second 
face  sheet. 

INITIALS:. 
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Ply# 

Ply  orientation  (degrees) 

Initial 
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Debulk  5 minutes 
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-45 

w Pt 
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£LPTJ 

4 

0 
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ii  raj-  /J’.VjT 

7 

90 

JjJ  PT 

8 

90 

9 

45 

10 

-45 

Wrr 

11 

0 

JV  fT 

Debulk  5 minutes 

XF  co 

12 

0 

■if  er 

13 

45 

14 

-45 

15 

90 

zjf  ft 

16 

90 

m ft  . 

Debulk  5 minutes 

S.'n'S 

17 

45 

18 

-45 

W1 rr. 

19 

0 

ql-px:  . 

20 

0 

21 

45 

M rr 

Debulk  5 minutes 

v.’o?  v:ao 

22 

-45 

23 

90 

24 

90 
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25 

45 

re.. 

26 

45 

M FT 

Debulk  5 minutes 

To  C 7 -'<*  o 

27 

0 

ft*  FT 

28 

0 

29 

45 

SfJ  Pi 

30 

45 

j y pt 

31 

90 

riti  _£T 

Debulk  5 minutes 
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90 
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Lav-Up  & Bagging 
Bagging  Sequence  for  Cire: 

IMvf  mitgrfrlf 

1.  Tool  - alum i nun,  steel.  Invar,  composite  (tod  plates  must  be  release  coated  or  film 
covered) 

2.  Release  coat  or  film  - Frelcqte  700NC  or  770 NC,  FEP,  TEDLAR 

3 Sill  cone/R  libber  Edge  Dams -Thicker  than  laminate 

4 Laminate 

5.  Release  coat  or  film  - 700NC  or  770NC,  FEP,  TEDLAR 

6.  Cad  plate— aluminum,  steel,  Invar,  si Kcone  rubber  sheet  (metal  caul  plates  must  be 
release  coated  or  wrapped)) 

7.  2.2  gw  polyester  breather  - 1 or  more 
a.  Vacuum  bag 

9.  Vacuum  sealant 

jo,  Glass  yarn  string  - (alternatively  or  additionally  breather  may  wrap  overtop  of  dam  to 
contact  edge) 


Figure  3.  Lay  Up 

1.  Follow  Figure  3 as  a guide  to  panel  lay  up  materials  and  layer  sequence.  Ensure  curing  plate  has  been 
solvent  wiped  to  remove  potential  contaminants  using  MEK  or  acetone  and  clean  lint  free  wipes.  Wipe  in  a 
linear  motion  tg  prevent  recontamination. 

INITIALS:  3A*  rT 

2.  Install  thermocouple  to  monitor  the  temperature  of  the  part  during  cure.  Bag  part  per  Figure  3.  Before 
bagging  an  EM40  engineer  must  check  and  sign  off. 

INITIALS;  3VPT  EM40  ENGINEER  INTIALS: 

3.  Encompass  lay  up  in  vacuum  bag  in  preparation  for  cure  cycle.  Pull  vacuum  at  25  inHg  minimum.  Leak 
check  vacuum  bag  by  disconnecting  the  vacuum  line  and  installing  a vacuum  gauge.  Ensure  that  the  leak 
rate  docs  not  exceed  1 .0  inHg  after  five  minutes.  If  leak  is  detected  completely  replace  vacuum  bag  and 
repeat  process. 
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4.  Keep  track  of  which  thermocouple  wire  number  is  assigned  to  this  panel  during  the  cure  by  noting  here: 

»J±~3bcL  &5T-pArf 

5.  Cure  times  and  temperature  shall  be  recorded  using  the  autoclave  data  recorder  For  traceability.  Print  the 
recorded  cure  cycle  profile  and  attach  it  to  the  Shop  Traveler.  Cure  the  panel  using  die  autoclave  per  the 
following  cure  cycle: 

• 75*  to  350“  @ 37min  *"=  1 hour  30  min 

• 350“  hold  ~=  2 hour  0 min 

• 350“  to  75“  @ 5“/min  60  min 


Pathfinder  Panel  Cure  Cycle 
• Autoclave  cure  at  90  - 100  psi 


TCSSd  TOUGHENED  EPOXY  RESIN  SYSTEM:  Cu-e  cycle 


6.  Remove  all  sharp  edges  from  the  as-cured  panels  using  a file,  rasp,  or  abrasive  paper.  Mark  with  panel 
identification,  core  ribbon  direction,  0°  orientation,  1.0"  from  the  edge  of  the  panel  using  a paint  pen. 

7.  Record  all  anomalies  or  process  deviations  below  and  coordinate  with  EM40  Lead  Engineer: 




PATH:  3E&/V£qa--fNrnALS: 

8.  Deliver  cured  panel  to  EM20  for  NDE  inspection.  Attach  results  of  inspection  to  the  end  of  this  Work 
DATE^////>^^lNrriAUS: 
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9.  Provide  the  results  of  the  NDE  inspection  to  the  lead  EM40  engineer. 
DATE:  INITIALS: 


10.  After  NDE,  use  the  template  to  drill  center  holes  (See  attached  drawing)  and  drill  only  two  .5 1 62-inch 
holes  that  will  be  required  on  one  end  at  each  comer  for  hanging  the  panels 

DATE:  t/fhlrs.  INITIALS:  J jj  CrZ 

11.  Insrallbond  provided  inserts  (#1428SKS)  into  the  center  holes  of  the  panel.  The  inserts  shall  be  flush 
with  the  panel  on  one  side.  Please  remove  locking  parts  of  the  inserts 

DATE:  ///7/7S  INITIALS:  ;7A 

12.  Provide  a copy  of  the  fabrication  traveler  to  EV32. 

DATE v/ /3  INITIALS:  _ 


13.  Provide  cured  panel  to  EV32 
DATE: INITIALS: 
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Title:  Pyroshock  Pathfinder 
Work  order  number:  0320 
Panel  ID:  0320AG04 

0320  = Work  Order  Number 
1 = 1M7  Preprcg  material  fiber  type 

004  = panel  number 

Panel  Dimensions:  36*  x 72”,  27  plies 

Panel  Materials:  IM7/TC350  6K  SHS,  280  gsm,  42” 

NOTES: 

Only  materials  listed  in  the  applicable  OWIs  are  permitted  in  the  work  area  to  aid  in  the 
prevention  of  contamination.  Materials  containing  silicones  and  tools  used  with  those  materials  are 
prohibited  in  the  work  areas. 

Vacuum  bag  material  shall  be  verified  to  have  no  visible  contamination  prior  to  installation  onto 
test  panel  for  curing  with  an  inspection  distance  of  6-18  inches  using  adequate  shop  lighting. 

For  metallic  support  hardware,  wipe  down  using  lint  tee  clean  wiping  cloths  and  Acetone  or 
Methyl  Ethyl  Ketone  (MEK)  to  remove  any  potential  contamination  that  could  be  introduced  into  the 
processing. 

Identity  of  test  panels  shall  be  maintained  throughout  processing,  photography,  and  testing. 

- If  any  anomalies  occur  during  processing  of  this  panel  contact  the  NASA'EM40  Lead  Engineer 

immediately  and  document  the  occurrence  per  EM40-OWI-37. 

All  Kraft  paper  used  through  all  processing  steps  will  be  of  the  acid-frcc  type. 


Table  1 Process  and  Material  Identification  Table . 


Material 

Identifying  Numbers 

Date  Used 

Time  Out 
of  Freezer 

Time  Into 
Freezer 

Initials 

IM7/TC350 

JCAC. 

fJI  7 fe*  STjK^qs* 

JC  2Jt>  7C1 

<2-  -lT3 
taUte  - &'<  ^ 

fs/ufaci^- 

n 

Material 

Identifying  Numbers 

Within 

Shelflife 

(Y/N) 

Initials 

Airweave 

~7C3o0/0£S 

Y 

rUJ 

Sealant  Tape 

it T&  /o£<p.o  to- 

Y 

tffi— 

Release  Film 

4-<Toc o U.v/W 

Y 

■^  Peel  Ply  (striped) 

// 

Y 

■TV. 

Vacuum  Bag 

/03  /d  a-c)9 

Y 

Process 

y_.  °,ate  ! 

Time 

Initials 

Part  was  bagged 

t*/N 

/.'  30 

, fr 

Part  was  placed  in 
autoclave 

IAIizIaiijli 

Taj 
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Prepreg/Adbesive  Preparation 

1 Placs  iint  “S  powder  free  latex  gloves  on  when  handling  prepreg  at  all  tines. 
1NIT]ALS_l^%a/ 


2.  Record  out  time  on  NMIH  label  when  removing  any  frozen  material,  If  label  is  full,  attach  another  label 
adjacent  to  the  previous  one.  Weigh  prepreg/adhesive  rolls  and  jot  number  next  w out  tune  also  fill  out  this 
info  in  table  1 . 


3.  Allow  4 hours  to  thaw  for  large  prepreg  rolls.  Return  material  to  freezer  immediately  after  cutting  for 
your  panel  to  minimize  out  time.  ° 


4.  Record  ambient  lemperamre  and  humidity  below. 

Temperature  *7  3 r 
Humidity  <J  t fa  /?  ft' 

Laminate  Construction 

1 Environment  requirements  for  temperature  and  humidity  tor  all  steps  of  lay-up  shall  be  maintained 
during  the  operation  per  the  following: 

Temperature  = 70  +/-  5°F 
Humidity  = 40  - 5B% 

INITIALS:  (jfJ 


2.  Cut  a piece  ot  solid  release  film  that  is  larger  than  the  cut  plies.  Label  the  Him  with  the  panel  ID  along 
witn  the  0 . 45°  and  the  00°  ply  directional  rosette  on  die  edge  of  the  film.  Placement  of  rosette  should  be 
placed  as  seen  below.  Place  the  release  film  on  top  of  the  baseplate  tool  shown  in  Figure  3. 


m TOOL  or  REFERENCE  tlHEWEF> TOOL 


3.  Lay  up  plies  of  the  material  placed  in  the  sequence  listed  in  table  1 . A vacuum  debulk  should  always  be 
performed  after  the  1 st  ply  and  at  5 ply  intervals  thereafter.  After  final  debulk,  repeat  process  for  the  second 
face  sheet  * 

INITIALS:  gfi  // 
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Ply 

Ply  orientation  (degrees) 

Initial 

1 

45 

TV  Pf 

Ax 

Debulk  5 minutes 

/;.?o  r-vo 

2 

-45 

3p~7T 

\7Z 

3 

0 

W~r T" 

\r& 

\rS 

4 

0 

jv  fr> 

5 

45 

TB 

6 

-45 

JV  PI 

\m 

Debulk  5 minutes 

z:so 

7 

90 

TV  F*p  Z 

B 

8 

90 

wir.jT 

9 

45  <; 

frprjT 

10 

-45 

(UPl  TV 

11 

0 C. 

iPWcTR 

Debuik  5 minutes 

x 5v_  4nc  r 

12 

0 

13 

friT'jir 

vv 

14 

90 

rr  rm~ 

15 

« t 

JVjTJ 7? 

r'\ 

16 

0 

TfJ  PTM? 

Debulk  5 minutes 

r r>r 

17 

o C 

Wn  TT 

18 

-45 

19 

45  - J 

f OTJ& 

20 

90  A 

21 

90  J 

Debulk  5 minutes 

fCAQAL /J'-j  o 

22 

-45  r 

— d* 

run  tb 

23 

45 

TU  f>rJt 

► 

24 

0 j 

rHPrn£ 

25 

0 Jj 

ru>n  tm 

26 

-45  J 

UpTjk 

27 

45^  3 

V rr 

<*Ji3 


jo#' 


<Zgni 


>■ 


77n?o” 
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Lay-lip  Bagging 
Bagging  Sequence  for  Cure: 

Urtgfmatgmii 

l*  JocA  ~ steel.  Invarr  composite  (tool  plates  must  be  release  coated  or  film 

covered) 

2.  Release  coat  or  film  - Frgkn^  70QNC  or  770NC,  FEP.  TEDLAR 
5.  Silicone/Rubber  Edge  Dams -Thicker  than  laminate 

4.  Laminate 

5.  Release  coat  or  film-  frekflg  70QNC  or  7/ONC,  FEP,  TEDLAR 

6 Caul  plate -aluminum,  steel.  Invar,  silicone  rubber  sheet  (metal  caul  plates  must  be 
release  coated  or  wrapped)) 

7 2.2  osy  polyester  breather  - 1 or  more 

8 Vacuum  bag 

9.  Vacuum  sealant 

10.  Glass  yarn  string  - (alternatively  or  additionally  breather  may  wrap  over  top  of  dam  to 
contact  edge) 


5 [• 

r 

i 

] ^ 

0 

E 

/ 

/ 

7 

/ 

y 

“1 

-4 

i 

i 

L L 

I 

0 

0 0 

i [ 

Figure  3.  I^ay  L'p 

1.  Follow  Figure  3 as  a guide  to  panel  lay  up  materials  and  layer  sequence.  Ensure  curing  plate  has  been 
solvent  wiped  to  remove  potential  contaminants  using  MEK  or  acetone  and  clean  lint  free  wipes.  Wing  in  a 
linear  motion  tojtovent  rccontam illation. 

INITIALS:  uF 

2.  Install  thermocouple  to  monitor  the  temperature  of  the  part  during  cure.  Bag  part  per  Figure  3.  Before 
bagging  an  EM40  engineer  must  check  and  sign  off. 

INITIALS:  jfi  EM40  ENGINEER  INTIALS: 

3.  Encompass  lay  up  in  vacuum  bag  in  preparation  for  cure  cycle.  Pull  vacuum  at  25  inHg  minimum.  Leak 
check  vacuum  bag  by  disconnecting  the  vacuum  line  and  installing  a vacuum  gauge.  Ensure  that  the  leak 
rate  does  not  exceed  1.0  inHg  after  five  minutes.  If  leak  is  detected  completely  replace  vacuum  bag  and 
repeat  process. 
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» cT~  7*A  "<re  number  iS  assigaed  to  lhis  P®™1  during  the  cure  by  noting  here: 


5.  Cure  times  and  temperature  shall  be  recorded  using  the  autoclave  data  recorder  for  traceability 
recorded  cure  cycle  profile  and  attach  it  to  the  Shop  Traveler.  Cure  the  panel  using  the  autoclave 
lollowing  cure  cycle:  ^ 


. Print  the 

per  the 


• 75"  to  350v  @ 3 7m in  ~=  1 hour  30  min 

• 350#  hold  ~=  2 hour  0 min 

• 350°  to  75*  @ 57min  *w=  60  min 


Pathfinder  Panel  Cure  Cvclg 
- Autoclave  cure  at  90  - 100  psi 


TCMfl  TOUGHENED  EPOXY  RESIN  SYSTEM:  Cu*  cycle 


6 Remove  all  sharp  edges  from  the  as-cured  panels  using  a file,  rasp,  or  abrasive  paper.  Mark  with  canel 
identification,  core  rtobon  direction,  0°  orientation,  1.0"  from  the  edge  of  the  panel  using  a paint  pen. 


7.  Record  all  anomalies  or  process  deviations  below  and  coordinate  with  EM40  Lead  Engineer: 


DATE:  /«?//  7/ SJL  INITIAI.S-  -AJL 

8.  Deliver  cured  panel  to  EM20  tor  NDE  inspection.  Attach  results  of  inspection  to  the  end  of  this  Work 
Traveller.  % . . 

DATE vl2dllll*L_  INITIALS: 
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9.  Prov  ide  the  results  of  the  NDE  inspection  to  the  lead  EM40  engineer 
DATE: INITIALS: 


10.  After  NDE,  use  the  Template  to  drill  center  holes  (See  attached  drawing)  and  drill  only 
holes  that  win  be  required  on  one  end  at  each  corner  for  hanging  the  panels 
DATE:  t//r /fJ>  INITIALS: 


two  5162-inch 


1 1 .  Install/bond  provided  inserts  (#1428SKS)  into  the  center  holes  of  the 
with  the  panel  on  one  side.  Please  remove  locking  parts  of  the  inserts 
DATE:  //fj  //>  INITIALS.  TV 


panel.  The  inserts  shall  be  flush 


12.  FYovidta  copy  of  the  fabrication  traveler  to  LV32 
DATE:  INITIALS:  ZrAS 


13.  Provide  cured  panel  to  EV32 
DATE: INITIALS: 
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Title:  Pyroshock  Pathfinder 
Work  order  lumber:  0320 
Panel  ID:  0320A005 

0320  = Work  Order  Number 
l - IM7  Prepreg  material  fiber  type 
005  - panel  number 

Panel  Dimensions:  36”  i 72”,  38  plies 
Panel  Materials:  IM7  12K,  150gsm/TC350, 24” 

NOTES: 

Only  materials  listed  in  the  applicable  OWIs  are  permitted  in  the  work  area  to  aid  in  the 
prevention  of  contamination.  Materials  containing  silicones  and  tools  used  with  those  materials  are 
prohibited  in  the  work  areas. 

Vacuum  bag  material  shall  be  verified  to  haw  no  visible  contamination  prior  to  installation  onto 
test  panel  for  curing  with  an  inspection  distance  of  6-1 8 inches  using  adequate  shop  lighting. 

For  metallic  support  hardware,  wipe  down  using  lint  free  clean  wiping  cloths  and  Acetone  or 
Methyl  Kthyl  Ketone  (MEK)  to  remove  any  potential  contamination  that  could  be  introduced  into  the 
processing. 

Identity  of  test  panels  shall  be  maintained  throughout  processing,  photography,  and  testing. 

If  any  anomalies  occur  during  processing  of  this  panel  contact  the  NAS  A'EM40  Lead  Engineer 
immediately  and  document  the  occurrence  per  EM40-OWI-37. 

Ail  Kraft  paper  used  through  all  processing  steps  will  be  of  the  acid-free  type. 


Table  1.  Process  and  Material  Identification  Table. 


Material 

Identifying  Numbers 

Date  Used 

TimeOut 
of  Freezer 

Time  Into 
Freezer 

Initials 

IM7/TC350 

7"C/4c  .2JV5L3 
■3  ^4-  2 */£>  £ailtijG> 

/2/  /3 

^ /X-n~/Z 

fiT. 

Material 

Identifying  Numbers 

Within 

Shelflife 

(Y/N) 

Initials 

Arrweave 

7D3Q6  / ftxsrz 

Y 

fiT.  JaJ 

Sealant  Tape 

fio  f**-  /Ot  20/ Z 

Y 

/.r. 

Release  Rim 

AS'Mn  l//t/r / 

Y 

fT.rx) 

Peel  Ply  (striped} 

.j6We  U-imJ 

Y 

Vacuum  Bag 

Ml  ZJJL231 

Y 

tr.  taJ 

Process 

Date 

Time 

Initials 

Part  was  bagged 

/A-/5 

/ Aw 

p.  t.  r.jo. 

Part  was  placed  in 
autoclave 

/J  -ZO~/J2 

0 OOrtm 

OT/J 
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Prepreg/Adhesive  Preparation 

1.  Place  lint  andcowder  free  latex  gloves  on  when  handling  prepreg  at  all  times. 

INITIALS  f r 

2.  Record  out  time  on  NM1H  label  when  removing  any  frozen  material,  Iflabel  is  full,  attach  another  label 
adjacent  to  the  previous  one.  Weigh  prepreg/adhesive  rolls  and  jot  number  next  to  out  time  also  fill  out  this 
info  in  table  1. 

3.  Allow  4 hours  to  thaw  for  large  prepreg  rolls.  Return  material  to  freezer  immediately  after  cutting  for 
your  panel  to  minimize  out  time. 

4.  Record  ambient  temperature  and  humidity  below. 

Temperature  7/  

Humidity  Q 3 

Laminate  Construction 

1.  Environment  requirements  for  temperature  and  humidity  for  all  steps  of  lay-up  shall  be  maintained 
during  the  operation  per  the  following: 

Temperature  = 70  +/-  5^ 

Humidity  40  - 55% 

INITIALS: 

2.  Cut  a piece  of  solid  release  film  that  is  larger  than  the  cut  plies.  Label  the  film  with  the  panel  ID  along 
with  the  0°,  45'  and  the  90°  ply  directional  rosette  on  the  edge  of  the  film.  Placement  of  rosette  should  be 
placed  as  seen  below.  Place  the  release  film  on  top  of  the  baseplate  tool  shown  in  Figure  3. 


TOOir  flEPEBehCEUWEglgB 


3.  Lay  up  plies  of  the  material  placed  in  the  sequence  listed  in  table  1 . A vacuum  debulk  should  alway  s be 
performed  after  the  1st  ply  and  at  5 ply  intervals  thereafter.  After  final  debuik.  repeat  process  for  the  second 
face  sheet. 


INITIALS:,  JTL 
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Tabic  1.  Lay-up  Sequence  and  Debulk  Locations. 


Ply# 

Ply  orientation  (degrees) 

Initial 

1 

45 

PT. 

Debulk  5 minutes 

fg  1 QOftrx  Vi  \Li 

FT. 

2 

' -45 

FT  TA 

3 

0 

pt.  S.A 

4 

0 

FT.  IA 

5 

45 

P T.  r/i 

6 

-45 

PT.  J A 

Debulk  5 minutes 

/Prtfo  - /t.itr 

FT.  xA 

7 

90 

FT.  I A 

8 

90 

PT.  T./S 

9 

45 

PT  T & 

10 

-45 

PT  X A 

11 

0 

PT  T.& 

Debulk  5 minutes 

iA-.od  - /.*/r 

FT.  T.A. 

12 

0 

FT  TP 

13 

45 

f-T  T.A 

14 

-45 

FT  T& 

15 

90 

FT.  T.P 

16 

90 

PT.  J.P 

Debulk  5 minutes 

3.-HT  -^  co 

FT.  T.a 

17 

45 

AT  &L 

18 

-45 

P.T.  AC- 

19 

0 

PT  AC- 

20 

0 

FT  AC 

21 

-45 

FT  A C. 

Debulk  5 minutes 

3#P3’y 

PT.  AT. 

22 

45 

FT  AC 

23 

90 

PT.  p c 

24 

90 

F T pC 

25 

-45 

PT  BC 

26 

45 

PT  PC 

Debulk  5 minutes 

— i'OOA/n 

FT-  AC 

27 

0 

FT  T.i J 

28 

0 

FT.  JT 

29 

-45 

FT.  T.A 

30 

45 

PT.  CT  A 

31 

90 

FT.  X.  A 

Debulk  5 minutes 

f.vr  - /dos- 

FT.  Td 

32 

90 

FT  T.A. 
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33 

-45 

PT.  Xt\ 

34 

45 

PT.  .TA 

35 

0 

PT.  jTaL. 

36 

0 

P T.  -Tri 

Debulk  5 minutes 

/oiss-  - n:/S- 

PT  3.A) 

37 

-45 

PT.J.a* 

38 

45 
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Lay-Up  & Bagging 

gagging  Seauartee  zor  Cure- 

1.  Tod  - aluminum,  steel,  lova  ',  composite  {tool  plates  must  be  release  coated  or  film 
covered) 

Release  coat  or  film -^i^^OONC  sr  770NC  FEP,  TEDLAR 
3.  SMIeone.'Rubber  Edge  O3.T.5 - Thkie.* than  laminate 
<*.  Laminate 

5.  Release  cca: or-ilm-  Fretoe  700*C  or  770NC.  FEP,  TEDLAR 
5.  Caul  plaia  - aluminum,  s:a«l,  In v&r.  silicon*  rubber  sheet  {met«  I caul  plates  must  be 
release  coated  or  wrappad)| 

7.  2.2  psy.  polyester  breather  - 1 or  more 
5.  Vacuum  bag 
S.  Vacuum  sealant 

io.  Giass  yarn  string  (alternatively  or  additionally  breather  may  wrap  ever  top  c*  dam  zc 
contact  edge) 


Figure  3.  Lay  Up 

1 . Follow  Figure  3 as  a guide  to  panel  lay  up  materials  and  layer  sequence.  Ensure  curing  plate  has  been 
solvent  wiped  to  remove  potential  contaminants  using  MEK  or  acetone  and  dean  lint  free  wipes.  Wipe  in  a 
linear  motion  to  prevent  recontamination. 

INITIALS:  fit  JiU 

2.  Install  thermocouple  to  monitor  the  temperature  of  the  part  during  cure.  Bag  part  per  Figure  3.  Before 
bagging  an  EM40  engineer  must  check  and  sign  off. 

INITIALS:  f.  T EM40  ENGINEER  INTIALS: 

3.  Encompass  lay  up  in  vacuum  bag  in  preparation  for  cure  cycle.  Pull  vacuum  at  25  inHg  minimum.  Leak 
check  vacuum  bag  by  disconnecting  the  vacuum  line  and  installing  a vacuum  gauge.  Ensure  that  the  leak 
rate  does  not  exceed  1.0  inHg  after  live  minutes.  If  leak  is  detected  completely  replace  vacuum  bag  and 
repeat  process. 
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4.  Keep  track  of  which  thermocouple  wire  number  is  assigned  to  this  panel  during  the  cure  by  noting  here: 

5.  Cure  times  and  temperature  shall  be  recorded  using  the  autoclave  data  recorder  for  traceability.  Print  the 
recorded  cure  cycle  profile  and  attach  it  to  the  Shop  Traveler.  Cure  the  panel  using  the  autoclave  per  the 
following  cure  cycle: 

• 75*  to  350*  @ 3*/min  ~=  i hour  30  min 

• 350°  hold  2 hour  0 min 

• 350°  to  75*  <g»  5°/min  ~=  60  min 


Pathfinder-Pane!  Curs  Cvde 

' Autoclave  cure  at  90  - 100  psi 


TC3S0  TOUGHENED  EPOXY  RESIN  SYSTEM:  Cire  cycle 


6.  Remove  all  sharp  edges  from  the  as-cured  panels  using  a file,  rasp,  or  abrasive  paper.  Mark  with  panel 
identification,  core  ribbon  direction.  0°  orientation,  1 .0"  from  the  edge  of  the  panel  using  a paint  pen. 

7.  Record  all  anomalies  or  process  deviations  below  and  coordinate  with  EM40  Lead  Engineer: 


PATE: /jL-jL0-/Z  INITIALS:  7?  7~ 


8.  Deliver  cured  panel  to  EM20  for  NDE  inspection.  Attach  results  of  inspection  to  Ibe  end  of  this  Work 
Traveller.  ^ I 

DATE:  ,'J  * ^^NTTIALS:  J H 
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9.  Provide  the  results  of  the  NDE  inspection  to  the  lead  EM40  engineer. 
DATE: INITIALS: 


10,  After  NDE,  use  the  template  to  drill  center  holes  (See  attached  ilruwing)  and  drill  only  two  .5 162-inch 
holes  that  will  bexequired  on  one  end  at ^adi  dbmer  for  hanging  the  panels 
DATR:,3//3-£,j2,  INITIALS:  ,T 


1 1 . Install/bond  provided  inserts  (#1428SKS)  into  the  center  holes  of  the  panel.  The  inserts  shall  be  flush 
with  the  payl  oiy  one  side.  Please  removejocking  parts  of  the  inserts 

DATR:2  //3PCy  j>  INITIALS:  j F 

12.  Provide^  ropy  of  the  fabrication  travcjer  to  EV32. 

DATE:  ? J INITIALS:  J/J 


13.  Provide  cured  panel  to  FV32  I 

DATE:.7/WJ>tV3  INITIALS:  J tJ 
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Figure  A27.  Monolithic  Composite  Panels  # 1 - #5  Fabrication  Work  Order 
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Flint  farm  | EM40  FORM  00S 

1 Baseline 

Effective  Dates  2/11 


EM40  CONTRACTOR  SUPPORT  WORK  ORDER 


1.  WORK  ORDER  IIIU: 

Pyroshock  Characterization  Panel  11-18 


2.  PAGE  1 


Of  | 


3.  WORK  ORDER  NUMOfR:  3 u 


\.  REQUtSI  COMPANY  /PROJECT  MSEC/EV32 
S.  i USIOMEPv  ‘ tJ  -V  I N/*.V,t 

David  Ordway 


6.  OJSTOMERPHONl  NUM»R: 
256-544-808? 


/.  CUSTOMER  CONTACT  ADDRESS: 
MSEC  Bldg  4600. Rn» 2 103 


8.  CUSTOMER  CON  I ACT  EMAIL  ADOHESS: 
david.o.ordwayi$nasa.gov 


9.  SUBMISSION  DATE:  Apr  15.  2013 


10.  ANTICIPA TED  NEED  DATE: 


Jun  28,2013 


I I TYPI  <1  W'Tv 


12.  QUALITY  ASSURANCE  (QA)  COVERAGE: 


Drop  down  I i Ml  I UVil  \ II 


Drop  down  I i*.t  NONQUnl 


13.  DESCRIPTION  Of  WORK 

1.  fabricate  sandwich, laminate  pand  with  the  laminate  and  core  specifications  as  stated  in  Attachment  1 where  the  panel’s 
dimensions  are  39  inches  by  75  riches  from  IM7/TC350  (currently  located  in  Dfdg  4720).  0 degree  is  along  the  6 foot  tide.  Joints 
between  ply  segments  shall  'butt*  together  for  unitape  and  overlap  1/2  inch  for  fabric  and  diall  not  be  within  2 wxrhes  of  the  next 
ply. 

2.  Assemble  %andwkh  panel  pel  Allacfttnrnt  J utilizing  fate-sheets  and  tore  a*  specified  in  Attachment  1 and  Adtwvve  film 
Af-SSSU.  Pail  ID  1 OS/69,  Lot  /2/9J2,  Manufacturer:  3M,  36 irulx/SO yauL'O inch  thick  rolt  amenity  located  in  Bldg  4/20 (verify 
with  Ron  Lee).  See  Attachment  4 lot  Af  -S^SV.  Viscoelasticity  data 

3.  Autoclave  cure  sandwich  panel  per  Attachment  3. 

4.  F cbownq  panel  cure  perform  Pulse  Ultrasound  and  Flash  Thermography  NDE  on  the  panel  and  provide  results  to  EM42  and 
EV32. 

5 . After  NDF.  contact  ES23  for  water  knife  use.  Use  the  template  to  machine  panel  edges  to  3 foot  by  6 foot 

6.  Ins  tall /bond  provided  inserts  (P/N  AFPI035  4S37S)  into  the  renter  holes  of  the  panel.  The  inserts  dull  hr  flush  with  the  panel 
on  one  side.  Phsxve  remove  locking  par  Is  of  ttie  inserts.  Also  install  insert  (Pi'N  IS?  I ?S  20  SS)  into  the  ? side  holes 

/.  Provide  a copy  of  the  fabrication  traveler  toF  VJ2. 

R.  Provide  cured  pand  to  i V32 

Please  coordinate  any  clsanges  wltli  the  NASA  M&*  Lngineer 


1 4 F IJNDING  CODE  (il  applicable* 

9 S9S908 

DAVID  ORDWAY 


MtrOM-©  CWW> 
OH  **,*.•*/  V l»  W0** 
ll.TWW  W ! 

e*  ai/M \tm*t  u mv 


Date:April  17,2013 


FOR  NASA  USE  ONLY: 


16.  NASA  M&P  FNGINr  FR  APPROVAl : 

BRIAN  COLLINS 


t»<0*  UKAHC0UJK5 

OK  t«UJ,  w'J*.  OflrmimrC  u*WW  tvrrwj* 
courts.  D*  7M?  I f J 00 } H 100  1 IKxeftlt 
(uv  »a»r  ?roJ«J*  *») 


17.  QUALITY  ASSURANCE  SIGNATURE  (duplicable* 


Date: Apr  17,  2013 


Date: 


CHECK  THE  MASTER  LIST 
at  https://rapositorymsfc.nasa  gov/issuanc*s/cor»ipon#nt/oi  list?parentName-EM4<) 
VERIFY  THAT  THIS  IS  THE  CORREa  VERSION  BEFORE  USE 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  1 13  of  793 

Composite  Materials  Subjected  to  Pyroshock  Loading 


DETAILED  INSTRUCTIONS 

EM40-FORM-005  EM40  Contractor  Support  Work  Order  is  a work  authcrizaton  document  used  to  request 
support  from  Marshall  Space  Flight  Center’s  Materials  and  Processes  Laboratory  to  conduct  manufacturing 
support  related  activities  The  information  provided  in  thcs  document  will  be  reviewed  ana  approved  by  the 
responsible  NASA  EM40  Engineer  and  forwarded  to  the  necessary  support  organizations.  An  estimated 
cost  and  completion  date  will  be  generated  and  reported  back  to  the  requesting  customer  prior  to  start  of 
the  work  order 

Block  Entry  Explanation 

1 Enter  short  title  of  the  work  requested  to  be  performed 

2 Enter  page  number  and  total  page  number 

3 A work  order  number  will  be  provided  by  the  NASA  M&P  Engineer 

4 Enter  company  / project  name  that  is  requesting  work 

5 Enter  customer  contacts  name 

6 Enter  customer  contact's  phone  number  beginning  with  area  code 

7 Enter  customer  contacts  address 

8 Enter  customer  contact’s  emai  address 

9 Enter  the  date  Work  Order  was  submitted  to  NASA 

10  Enter  the  anticipated  date  that  end  item  should  be  delivered  to  customer 

1 1 Check  the  type  of  work  to  be  performed 

Flight  / GSE  = Flight  rated  or  Government  Supplied  Equipment  hardware 
Qualification  Test  = qualification  test  hardware 
Development  - development  test  hardware 

Test  / Equip.  Check  = testing  of  equipment  associated  with  TPS  activities 

12  Check  the  type  of  Quality  Assurance  Desired: 

QS  = Quality  Sensitive  work  wll  require  a NASA  QA  audit  of  the  Shop  T raveller  where 
Government  Mandated  Inspector  Points  will  be  assigned  and  approved  by  QA 
representatives  upon  completion 

NQS  = Non  Quality  Sensitive  work  will  only  require  Contractor  Level  Quality  signotfs 

13  Enter  a detailed  description  of  the  work  requested  Specifics  should  include  but  are  not  limited  too 
T ype  of  material  to  be  used  (customer  supplied  materials  must  have  an  MSOS  attached) 

Type  of  substrate  material  to  be  used  and  any  special  substrate  preparations  required 
Material  thickness  requirements  and/or  layup  requirements 
Environmental  setpoints  required  dunng  processing 
Environmental  setpoints  required  post  processing 
Post  processing  duration  required  before  hand  ing  and/or  testing  etc 
If  the  above  information  is  not  known,  the  requesting  customer  may  specify  "per  program 
parameters  if  applicable  (i.e.  External  Tank,  Ares  I Upper  Stage) 

14  Enter  funding  code  information  if  applicaole  Primarily  used  by  NASA  internal  projects 

15  Enter  customer  signature  and  date 

16  NASA  M&P  Engineer  will  sign  upon  approval 

1 7 Enter  NASA  Quality  Assurance  signature  and  date  if  work  is  deemed  Quality  Sensitive 


EM40-FORM  OPS 

Figure  A28.  Composite  Sandwich  Panel  #11-#18  Fabrication  Work  Order 
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Print  Form 


EM40  CONTRACTOR  SUPPORT  WORK  ORDER 


FM40  FORM  005 
Bowline 
EHcctiveDate:  2/1 1/06 


1.  WORK  ORDER  IIIU: 

Pyroshock  Character  ization  Mciamnc  Ponds 


2.  PAG E 


OF 


1.  WORK  ORDER  NUMOFR: 


382 


4.  RtQUtSI  COMPANY /PROJtCI:  MSTOTV12 

..  < USlOMFRf  i.tl  -V  I N/*.V,t 

David  Ordwary 


6.  CUSIOV.FR PHONF  NUMBER: 
256  5444*087 


7.  CUSTOMER  CONTACT  ADDRESS: 


MSFCBldg  4600,  fen  2103 


8.  CUSTOMER  CON  I AG  EMAIL  ADORESS: 
dawd.o.ordivay&nasajgov 


9.  SUBMISSION  DATE: 


0*18/2014 


10.  ANTICIPATED  NEED  DATE: 


07/30/14 


I I TYH  <1  >v 


12.  QUALITY  ASSURANCE  (QA)  COVERAGE: 


Drop  down  I i-.t  NONQUAi  h 


Drop  down  liM  DE^LOPMENf  1EST 
13.  CE  SCRIPT  ION  Of  WORK 


1.  Bond  the  metamine  foam  panel-5  to  the  aluminum  or  composite  panels  as  specified  In  the  Attachments  utilizing  the  self 
adhesive. 

2.  DHi  wr  pond  to  customer 

1.  Provide  a copy  ol  the  fabric  .d  on  tv  .wrier  to  customer 

LSUinlmsleci  sleeve*  are  Kobe  fabricated  Irorn  provided  steel  tube.  Pimenvcns  .ire  0j6?5  inch  in  diameter  and  a length  of  - 
57S inche\  with  a clearance lor  a V5-20  DNF  bolt. i.e. <LS15-indv 


Please  coot  dnare  any  changes  with  the  NASA  MSP  Engineer 


1 4 F UNDING  CODE  (il  applicable* 
T£  CUjI QMER  SIGNA1URE  .'DA IE 

DAVID  ORDWAY 


Date:  0*18/2014 


FOR  NASA  USE  ONLY: 


16.  NASA  MAP  FNGINFCR  APPROVAL 


17.  QUALITY  ASSURANa  SIGNATURE  Of^plkable)c 


Date:  02/19/201 3 


Date: 


CHECK  THE  MASTER  LIST 
at  https://repository-imfc.nafa.gov/issuances/component/oi  Jist*parentNan>e-EM40 
VERIFY  THAT  THIS  IS  THE  CORRECT  VERSION  BEFORE  USE 
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DETAILED  INSTRUCTIONS 

EM40-FORM-005  EM40  Contractor  Support  Work  Order  >s  a work  authcrizaton  docunrent  used  to  request 
support  from  Marshall  Space  Flight  Center’s  Materials  and  Processes  Laboratory  to  conduct  manufacturing 
support  related  activities  The  information  provided  in  thts  document  will  be  reviewed  and  approved  by  the 
responsible  NASA  EM40  Engineer  and  forwarded  to  the  necessary  support  organizations.  An  estimated 
cost  and  completion  date  will  be  generated  and  reported  back  to  the  requesting  customer  prior  to  start  of 
the  work  order 

Block  Entry  Explanation 

1 Enter  short  title  of  the  work  requested  to  be  performed 

2 Enter  page  number  and  total  page  number 

3 A work  order  number  will  be  provided  by  the  NASA  M&P  Engineer 

4 Enter  company  / project  name  that  is  requesting  work 

5 Enter  customer  contact's  name 

6 Enter  customer  contacts  phone  number  beginning  with  area  code 

7 Enter  customer  contacts  address 

8 Enter  customer  contact’s  email  address 

9 Enter  the  date  Work  Order  was  submitted  to  NASA 

10  Enter  the  anticipated  date  that  end  item  should  be  delivered  to  customer 

11  Check  the  type  of  work  to  be  performed 

Flight  / GSE  = Flight  rated  or  Government  Supplied  Equipment  hardware 
Qualification  Test  = qualification  test  hardware 
Development  - development  test  hardware 

Test  / Equip.  Check  = testing  of  equipment  associated  with  TPS  activities 

12  Check  the  type  of  Quality  Assurance  Desired: 

QS  = Quality  Sensitive  work  wll  require  a NASA  QA  audit  of  the  Shop  T raveller  where 
Government  Mandated  Inspector  Points  will  be  assigned  and  approved  by  QA 
representatives  upon  completion 

NQS  = Non  Quality  Sensitive  work  will  only  require  Contractor  Level  Quality  signoffs 

13  Enter  a detailed  description  of  the  work  requested  Specif  cs  should  include  but  are  not  limited  too 
T ype  of  material  to  be  used  (customer  supplied  materials  must  have  an  MSOS  attached) 

T ype  of  substrate  material  to  be  used  and  any  special  substrate  preparations  required 
Material  thickness  requirements  and/or  layup  requirements 
Environmental  setpoints  required  during  processing 
Environmental  setpoints  required  post  processing 
Post  processing  duraton  required  before  hand  ing  and/or  testing  etc 
If  the  above  information  is  not  known,  the  requesting  customer  may  specify  "per  program 
parameters  if  applicable  (i.e.  External  Tank,  Ares  I Upper  Stage) 

14  Enter  fund'ng  code  information  if  applicable  Primarily  used  by  NASA  internal  projects 

15  Enter  customer  signature  and  date 

16  NASA  M&P  Engineer  will  sign  upon  aoproval 

1 7 Enter  NASA  Quality  Assurance  signature  and  date  if  work  is  deemed  Quality  Sensitive 
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Figure  A29.  MAF  Panel  Fabrication  Work  Order 
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Figure  A30.  Composite  Sandwich  Panel  Fabrication  - Pictorial  Presentation 
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A3.1  Post-Panel  Fabrication  NDE 

Two  methodologies  are  commonly  used  for  NDE  of  composites,  phased  array  ultrasound 
(PAUT)  and  flash  infrared  thermography.  Both  of  these  methodologies  were  used  for  the 
IM7/R913  composite  pathfinder  panels.  The  pathfinder  composite  panels  were  0.20  inch  thick, 
which  is  approaching  the  maximum  thickness  for  infrared  thermography  inspection.  It  was 
determined  from  inspection  of  the  composite  pathfinder  panels  the  surface  texture  and  overall 
panel  thickness  reduced  the  detection  capability  of  infrared  thermography.  Based  on  the  test 
results  only  the  phased  array  ultrasound  inspection  methodology  was  used  for  the  task  baseline 
IM7/TC350  composite  panel  NDE,  which  was  not  limited  in  resolution  by  the  panel  surface 
texture  or  thickness.  Figure  A31  shows  the  IR  thermography  results  and  Figure  A32  documents 
the  phased  array  ultrasound  results  for  the  composite  pathfinder  panels. 
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Specimen  1 

Information 

Project 

NESC  Pyroshock 

Serial  Number 

Pathfinder 

Surface  Preparation 

None 

Special  Handling 

None 

Inspection 

Equipment 

Infrared  Camera 

FUR  SC6000 

Lens 

25  mm 

Heating  Method 

Flash  Lamps 

Hood  Configuration 

Small  FOV 

Inspection  Settings 

Capture  Software 

EchoTherm  8 

Image  Size 

640x512 

Capture  Frequency 

10  Hz 

Capture  Duration 

27.6  sec 

Flash  Duration 

N/A 

Flash  Delay 

0 msec 

Flash  Frame 

10 

TSR  Skip  Frames 

1 

NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  125  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


July  18. 2012 


WO:  2012-0298 


Revision  A 
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The  panel  was  subdivided  into  four  quadrants  accord  in*  to  Figure  1. 


Quadrant  II 

Quadrant  1 

Quadrant  III 

Quadrant  IV 

Figure  1 
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The  thickness  of  the  panel  Is  approaching  the 
maximum  that  can  be  Inspected  by  flash 
thermography.  A reduced  acquisition  rate  of  10 
frames  per  second  was  used  to  achieve  the  best 
compromise  of  detectability  and  interrogation 
depth. 

Figure  2 shows  the  logarithmic  time  versus 
temperature  curve  over  a nominal  area  of  the  panel. 
Note  the  slight  upward  trend  when  the  panel  back 
wall  is  reached. 
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Indication:  03 


Two  indications,  approximately  0.25"  by  0.25".  were  found  m inspection 
location  03  and  denoted  by  the  red  drdes.  Tune ‘temperature  cursors, 
shown  tn  red  and  green,  were  placed  on  each  indication  and  measured  the 
average  intensity  value  of  the  local  3 by  3 pixel  area.  A blue  reference  time* 
temperature  cursor  was  placed  over  a nominal  area  for  comparison 
Plotting  the  data  from  the  two  indications  and  the  reference  point  shows 
that  both  indications  deviate  from  the  behavior  of  nominal  areas  of  the 
panel. 

In  addition  to  infrared  thermography,  phased  array  ultrasound  (PAUT)  was 
used  to  inspection  the  panel.  PAUT  did  not  detect  any  anomalies  at  grid 
location  03.  and  as  a result,  it  is  believed  the  indications  present  in  the 
thermographic  data  are  the  resufc  of  a surface  condition 
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Comments 

The  surface  texture  of  the  pane!  also  influenced  the  acquired  data.  As  shown  m Figure  3 the  raw.  first  derivative,  and  second 
derivative  images  (a.  b.  and  c respectively)  exhibit  a mottled  texture  in  the  infrared  images. 


Figure  3a  Figure  3b  Figure  3c 


The  combination  of  infrared  thermography  and  phased  array  ultrasound  nondestructive  inspection  techniques  provided  a thorough 
interrogation  of  the  panel.  The  surface  texture  and  overall  panel  thickness  reduced  the  detection  capability  of  infrared 
thermography. 
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Overview  and  Full-Size  Quadrant  Mosaics 
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Figure  A31.  Pathfinder  Composite  Flash  Infrared  Thermography  Inspection  Results 
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Description 
Part  Numbers 


Instrument 

Software 

Scanner 

Probe 

Wedge 


Mode 
Frequency 
Law  Configuration 
Acquisition  Range 
Filter 
Gain 
Compression 
Scanning  Rate 
Scan  Resolution 
Couplant 
Orientation 


Notes 


Specimen  Information 

36"  x 72"  composite  panel 
120298001 

Inspection  Equipment 

Olympus  TomoScan  Focus  LT,  SN  FLT-1190 
Olympus  TomoView  2.9R13 
Amdata  Catamaran 

Olympus  2.25L64-A2  MH2  Phased  Array,  SN  G0120 
Olympus  SA2-01-IHC 

Inspection  Setting* 

Pulse  Echo 
2.25  MHz 

0*  linear  scan,  8 aperture,  approx  0.1"  focus 

16  8 psec 

None 

15  dB 

5 samples 

0.6  in  ./sec 

0.0295"  x 0.0394" 

Submerged  in  water 

Scanned  from  back  surface  in  3 columns 

with  edge  with  writing  at  the  bottom. 

Images  oriented  to  front  view. 

None 
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Panel  Overview 


Pane  2 of  5 


Pnoto  of  panel,  oriented  to  match  other  imagery 

Panel  Overview  Page  3 of  3 


» • 
j 


Overview  composite  image  of  data  from  all  three  scans. 

Ten  indications  were  noted  on  this  panel.  Seven  of  the  ten  indications  were  corroborated  by  being  seen  n 2 separate  scans.  Sees  vary  and  most  of  the 
indications  appear  to  be  approximately  midway  through  the  panel  thickness  There  are  also  several  indeterminate  areas  with  scattered  smat  reflect*)  ns. 
Notably,  none  of  the  indications  appear  to  correlate  with  indentions  and  markings  visible  on  the  rear  surface  of  the  panel. 
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Indention  Details 


Page  4 of  5 
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Center  colimn  scan  showing  location  of  10  numbered  indications. 


NESC  Request  No.:  TI-12-00783 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


Version: 

1.0 


Title: 


Empirical  Model  Development  for  Predicting  Shock  Response  on 
Composite  Materials  Subjected  to  Pyroshock  Loading 


Page  #: 

148  of  793 


Ind  caton  Details 
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Indication 

X 

(inches) 

Y 

(inches) 

Height 

(inches) 

Depth 
{%  thick) 

1 

27.8 

5.4 

0.68 

0.51 

52% 

2 

46.4 

6.1 

0.26 

0.24 

79% 

3 

34.9 

0.7 

0.15 

0.36 

96% 

4 

29.8 

7.5 

0.24 

0.47 

60% 

5 

44.6 

17.9 

0.24 

0.17 

74% 

6 

50  6 

28.6 

1.27 

2.33 

6 3 % 

7 

49  1 

27.9 

0.35 

74% 

8 

39.0 

33.4 

0.48 

0.79 

94% 

9 

27.8 

31.8 

0.20 

0.20 

80% 

10 

23.0 

25.6 

0.29 

0.55 

59% 

Table  of  indication  data 

Oata  about  the  eidicatlons  are  summarized  in  the  above  table.  The  zero  point  for  measurements  Is  approximately  O S” 
inset  from  both  edges  at  the  top  right  corner  cf  the  panel  X Is  measured  from  the  right  edge  of  the  panel  and  Y is 
measured  from  the  top  edge  of  the  panel.  Width  is  in  the  X dimension  and  height  is  in  the  Y dimenson.  Depth  is  scaled 
such  that  0%  would  be  the  top  surface,  10(X*  would  be  the  bottom  surface.  All  of  these  measurements  are  very  rough- 
later,  all  of  the  Indications  were  reconfirmed  by  hand  scan  and  more  accurate  locations  marked  directly  on  the  panel. 


image  of  indications  as  marked  on  panel  surface 


Figure  A32.  Pathfinder  Composite  Phased  Array  Ultrasound  Inspection  Results 
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Figure  A33  illustrates  typical  ultrasound  inspection  data  of  the  monolithic  IM7/TC350  composite 
panels  and  the  high-level  assembly  quality  of  the  panels  (no  significant  indications  were  found  in 
any  of  the  TC350  composite  panels). 
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Specimen  Information 


Description 

* 36"  x 72"  composite  panels,  0.2"  thick,  qty. ; 

Part  Numbers 

0320A001  and  0320A002 

Inspection  Equipment 

Instrument 

Olympus  Tomoscan  Focus  LT,  SN  FLT-1190 

Scanner 

Amdata  Catamaran 

Probe 

Olympus  2.25L64-A2  Phased  Array,  SN  G0120 

Wedge 

Olympus  SA2-0L-IHC 

Inspection  Settings 

Mode 

Pulse  Echo 

Frequency 

2.25  MHz 

Law  Configuration 

0:  linear  scan,  8 aperture,  approx.  0.1"  focus 

Acquisition  Range 

16.8  psec 

Filter 

None 

Gain 

13.5  dB 

Compression 

5 samples 

Scanning  Rate 

0.7  m./sec 

Scan  Resolution 

0.0295"  x 0 0394” 

Couplant 

Submerged  in  water 

Orientation 

Scanned  in  3 columns,  min.  5"  overlap. 
Panel  text  at  bottom  left. 

Notes 

None 
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Panel  0320A001 
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No  Indications  noted. 
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Panel  Q320A001 
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Gated  for  through -thkkness. 
One  tiny  Indication. 
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Pdnel  03 2 OA 001 
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Gated  for  back  surface 

No  indications  noted.  Patterns  are  due  to  air  bubbles  trapped  under  panel  during  scan. 
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P»n«l  0520A002 
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Gated  for  front  surface 
No  indications  noted. 
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P»nel  0320A002 
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Gated  for  through-thickness. 
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No  indications  noted.  Spots  are  from  air  bubbles  trapped  under  panel  during  scan. 

Figure  A33.  Ultrasound  Inspection  Results  of  Monolithic  Test  Panel  #1  and  #2 

Phased  array  ultrasound  (also  referred  herein  as  pulse  echo  ultrasound)  was  also  used  for  NDE  of 
the  composite  sandwich  panels.  The  technique  used  was  entirely  acceptable  for  the  through 
thickness  of  the  composite  face  sheets  and  the  bond  line  between  the  face  sheets  and  the  fill  core 
material.  Results  from  the  pulse  echo  ultrasound  for  composite  sandwich  panels  #1 1 through 
#18  are  documented  in  Figure  A34.  Ultrasound  inspection,  however,  is  not  a suitable  NDE 
method  for  evaluating  flaws  in  the  foam  filler  core  material.  A study  was  undertaken  to  evaluate 
an  acceptable  NDE  methodology  for  resolving  a flaw  (crack)  in  the  ROHACELL®  foam.  Two 
methods  were  evaluated;  digital  radiography  (DR)  and  computed  tomography  (CT).  The  results 
of  the  study  are  documented  in  Figure  A35,  which  show  only  the  CT  method  was  able  to  detect 
flaws  in  the  foam  filler  material. 
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Instrument 

Scanner 

Probe 

Wedge 


Mode 
Frequency 
Law  Configuration 
Acquisition  Range 
Filter 
Gain 
Compression 
Scanning  Rate 
Scan  Resolution 
Couplant 
Orientation 

Notes 


30  May  2013 

Prepared  By 

Matthew  R.  McDougal 
EM20  Nondestructive  Evaluation  Team 
NASA  Marshall  Space  Flight  Center 
(256)  544-7783 

matthew.mcdougal@>nasa,gov 
Specimen  Information 

* 36"  x 72"  composite  sandwich  panel,  0.12"facesheets 
0332A011 

Inspection  Fqulpment 

Olympus  Tomoscan  Focus  LT,  SN  FIT-1190 
Am  data  Catamaran 

Olympus  2.25L64-A2  Phased  Array,  SN  G0120 
Olympus  SA2-OL-IHC 

Inspection  Settings 

Pulse  Echo 
2.25  MHz 

0 ' linear  scan,  8 aperture,  approx.  0.1”  focus 

16.8  nsec 

None 

20  dB 

5 samples 

0.7  in./sec 

0.0295”  x 0.0394” 

Submerged  in  water 

Scanned  in  2-3  columns,  4-6"  overlap. 

Panel  text  at  bottom  left 
None 
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Instrument 
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Probe 

Wedge 


Mode 
Frequency 
Law  Configuration 
Acquisition  Range 
Filter 
Gain 
Compression 
Scanning  Rate 
Scan  Resolution 
Couplant 
Orientation 

Notes 


Specimen  Information 

~ 36"  x 72”  composite  sandwich  panel,  0,12*’  facesheets 
0332A014 

Inspection  Equipment 

Olympus  Tomoscan  Focus  LT,  SN  FLT-1190 
Amdata  Catamaran 

Olympus  2.25L64-A2  Phased  Array,  SN  G0120 
Olympus  SA2-0L-IHC 

Inspection  Settings 

Pulse  Echo 
2.25  MHz 

0"  linear  scan,  8 aperture,  approx.  0.1"  focus 

16.8  iisec 

None 

20  dB 

5 samples 

0.7  in. /sec 

0.0295"  x 0.0394* 

Submerged  in  water 

Scanned  in  2 columns,  4-6"  overlap. 

Panel  text  at  bottom  left. 

None 
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Back  side,  gated  for  fecesheet  thickness. 
No  indications  noted. 
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matthew.mcdougal@nasa.gov 


Scott  Ragasa 
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Description 
Part  Numbers 


Instrument 

Scanner 

Probe 

Wedge 


Mode 
Frequency 
Law  Configuration 
Acquisition  Range 
Filter 
Gain 
Compression 
Scanning  Rate 
Scan  Resolution 
Couplant 
Orientation 

Notes 


Specimen  Information 

~ 36v  x 72"  composite  sandwich  panels,  qty.  6 

0332 A012, 0332A013,  0332A015,  0332A016,  0332A017, 0332A018 

Inspection  Equipment 

Olympus  Tomoscan  Focus  LT,  SN  FLT-1190 
Am  data  Catamaran 

Olympus  2.25L64-A2  Phased  Array,  SN  G0120 
Olympus  SA20LIHC 

Inspection  Settings 


Pulse  Echo 
2.25  MHz 

0’  linear  scan,  8 aperture,  approx  0.1"  focus 

16.8  nsec 

None 

20  dB 

5 samples 

0.7  in./sec 

0.0295*'  x 0.0394” 

Submerged  in  water 

Scanned  in  2 columns,  4-6"  overlap. 

Panel  text  at  bottom  left. 

None 
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Front  side,  gated  for  faceshcet  thickness, 

No  indications  noted.  Patterns  are  due  to  surface  features  and  wrinkles. 


Panel  0332A013  Front 


Page  7 of  25 


Front  side,  gated  for  bondline 
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Back  side,  gated  for  bond  line. 
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Back  side,  gated  for  bondline. 
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Figure  A34.  NDE  Ultrasonic  Inspection  Results  of  Composite  Sandwich  Panels  #11  - #18. 
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Data  Sheet  for  MSFC  AC’TIS  Scanning 


I Da«f:6/4/20lT 


I Work  order  #:21H3-V-039? 


Notes:  Pyroshock  Char-Comp  Materials  Perform  DR  on  test  sample  to  attempt  to  resolve  crack 
in  foam. 


Record  tem  verification  checks  (date/ time,  otherwise  iVa): 

1 

2 

3 

Offset: 

9/4/2013  i 0813 

9/4*2013  1 0822 

Gain: 

9/4/2013  | 0814 

9/4*20l3|0823 

Find  Geometry: 

iv'a 

n/a 

Foam  sample  on  CT  table. 
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Data  Sheet  for  MSFC  AC’TIS  Scanning 


Sample  on  table  Looking  CT  1 80  degrees  to  CT  0 degrees 


Slier 

name 

Siicr 

Heieht 

Indlcations/Notes 

Thumbnail 

A0001 

DR 

Start  = 440;  end  = SO;  field  width  = 4(Mlnmi; 
aperture  width  = 1mm;  linatron  pulses  =2 

A0002 

"DR 

Start  = 440;  end  = R0;  field  width  = 400mm; 
aperture  width  = 2mm;  linatron  pulses  =2 

A0003 

DR 

Start  = 440;  end  - 80;  field  width  = 400mm; 
aperture  width  = 1mm;  linatron  pulses  = 1 

A 000  ! 

DR 

Start  ^ 440;  end  - 80;  field  width  ^ 400mm; 
aperture  width  - 2mm;  linatron  pulses  =1 

DR 

Start  - 440;  end  - 80;  field  width  - 4110mm; 
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Data  Sheet  for  MSFC  AC’TIS  Scanning 


Slice 

name 

Slice 

Height 

lndicMionvNoU\ 

1 humbnail 

aperture  width  = 2 nun;  linatron  pulses  = 1;  set 
oversampling  to  3.0 

A0006 

315 

Test  dice.  Crack  visible. 

Supplemental  data:  Slice  AOOOl 


Supplemental  data:  Slice  A0002 
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Figure  A35.  DR  and  CT  Evaluation  of  Core  Filler  Material  after  Assembly 
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Appendix  B.  Pyroshock  Test  Reports 

Bl.  Pathfinder  Tests 

The  test  report  documenting  the  test  results  from  pathfinder  test  group,  tests  1 through  3 is 
documented  in  the  attachment  below. 
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National  Aeronautics  and  Space  Administration 

George  C.  Marshall  Space  Flight  Center 

Marshall  Space  Flight  Center,  AL  35812  Qct0^er  9 20 1 ^ 


Rep»y  to  Attn  ol: 


ET40- 12-022 


TO:  EV32/David  O.  Ordway 

FROM:  ET40/Timothy  C.  Driskill 

SUBJECT:  Initial  Tests  for  the  Composite  Materials  Pyroshock  Development  Test, 

NESC-DEV-12-014 


The  aluminum  and  solid  composite  pathfinder  panel  test  articles  were  tested  in  the  ET40 
Pyrotechnic  Shock  Facility,  building  4619,  room  170.  Testing  was  completed  on  September 
10,  2012.  The  test  was  run  in  accordance  with  Test  and  Checkout  Procedure,  (TCP)  NESC- 
DEV-12-014.  Two  tests  were  run  on  the  aluminum  pathfinder  panel  and  one  test  was  run  on 
the  solid  composite  pathfinder  panel.  The  accelerometer  test  setup  is  shown  in  appendix  A of 
the  TCP  and  in  the  photographs  section  of  this  report.  No  visual  damage  to  the  test  articles 
was  noted. 

Please  direct  any  questions  or  comments  regarding  this  test  to  Mr.  Craig  Garrison  at  (256) 
544-7197  or  craig.garrison@nasa.gov. 


Branch  Chief 

Structural  Dynamics  Test  Branch 
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1.0  INTRODUCTION 

1.1  PURPOSE 

The  purpose  of  this  procedure  is  to  define  the  steps  necessary  to  perform  a pyrotechnic 
shock  test  in  the  Pyrotechnic  Shock  Facility  in  Building  4619  using  pyrotechnic 
devices. 

Test  Article:  3*x6,x0.1 9 aluminum  setup  plate  or  .Vx(f  xQ.2”  solid  composite  pathfinder 
panel  with  LSC  plate  and  LSC  backing  plale. 

Program : NESC  T ype  of  Tesl : Pyrotechnic  Shock  Development  Test 
Test  Purpose:  To  capture  the  acceleration  time  history  of  initial  test  setup  and 
instrumentation  checkout  panels. 

The  Pyrotechnic  Shock  Facility  is  located  in  Rooms  1 70, 1 70  A and  1 70B  of  Building 
4619.  Room  1 70 A is  designated  as  the  Control  Room.  The  area  between  Room  1 69 
and  1 70  is  used  for  storage  of  secondary  pyrotechnic  devices.  Room  1 70B  is  used  for 
storage  of  initiators  All  detonation  of  pyrotechnic  devices  will  be  in  Room  170. 

1.2  SCOPE 

This  document  contains  the  steps  and/or  references  the  procedure  to  conduct  the  test. 

2.0  SAFETY 

Follow'  all  emeigency  and  safety  requirements  specified  in  ET01  -DYN-SHK-FOP-001 . 

2.1  Responsibilities 

The  lest  Engineer  will  be  responsible  for  all  activities  occurring  in  the  hazardous  test 
area  and  for  the  safety  of  personnel  involved  in  the  test  activities.  It  is  the  responsibility 
of  each  individual  in  a test  program  to  fully  comply  with  the  requirements  of  tins 
document  and  to  report  any  individual  not  complying.  Failure  to  do  so  could  lead  to 
serious  personnel  injuries  or  death. 

3.0  TEST  REQUIREMENTS  AND  INFORMATION 

3.1  DOCUMENTS 

3.1.1  APPLICABLE  DOCUMENTS 

Test  Requirements:  Pyroshock  Response  Characterization  of  Composite  Materials  Test 
Plan  NESC  Task  #TI- 12-0783,  7/2/2012 

Test  Procedure:  ET0 1-DYN-SI  IK- FOP-OO 1 Pyrotechnic  Shock  Tests 
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97M0020I  SET  UP  PLATE,  COMPOSITE  TEST  PANEL  PATH  KINDER 
97M00201  MOD  SET  UP  PLATE,  COMPOSITE  TEST  PANEL  PATHFINDER 
97M00202  LSC  BACKING  PLATE,  COMPOSITE  TEST  PANEL  PATHFINDER 
97M00203"  LSC  PLATE,  COMPOSITE  TEST  PANEL  PATHFINDER 
97M00204* LSC  SHIM,  COMPOSITE  TEST  PANEL  PATHFINDER 
97M00205  1 0 GR/FT  LSC,  COMPOSITE  TEST  PANEL  PATHFINDER 

*■  Add  *'-/rl0D‘,+e  £*-  *1 -**l+*A  if  / 

3.1.2  REFERENCED  DOCUMENTS 
ETOl-DYN-OWI-OOl  Documentation  Control 

ETOl-DYN-OW 1-002  Test  Operation  Procedure  Preparation  and  Change  Control 

3.2  TEST  INFORMATION 

3.2.1  The  instrumentation  locations  are  given  in  the  drawings  listed  in  the  applicable 
documents  and  appendix  A for  the  test. 

3.2.2  Pyrotechnic  shock  tests  may  be  performed  on  the  test  article  in  the  order  and 
configuration  directed  by  the  test  requester. 

3.2.3  The  shock  test  will  be  performed  on  a mom  temperature  test  article. 

3.3  TEST  REQUIREMENTS 

3.3.1  The  Test  Engineer  will  be  in  charge  of  all  test  preparations  and  activities. 

3.3.2  All  activities  will  be  coordinated  with  the  Test  Engineer. 

3.3.3  All  changes  to  the  procedure  will  be  coordinated  with  the  Test  Engineer. 

3.3.4  The  development  test  articles  will  be  tested  with  pyrotechnic  shock  test  runs  as  directed 
by  the  test  requester.  The  test  article  information  will  be  recorded  in  this  TCP. 

4.0  TEST  DATA 


a.  The  test  data  includes  a time  history  of  the  real  time  shock  recorded  over  a 50 
millisecond  or  longer  interval  and  the  units  are  g*s  peak  versus  time. 

b.  The  second  plot  is  a Shock  Response  Spectrum  (SRS)  using  5%  damping  and  a 
1/6  octave  shock  spectrum  analyzer.  The  SRS  is  computed  over  the  frequency 
band  from  50  to  10,000  Hertz.  The  SRS  units  are  g’s  versus  frequency. 

c.  The  data  will  be  acquired  on  a Nicolet  BE256LE  data  acquisition  system  and  the 
SRS  analysis  will  be  performed  using  a personal  computer  and  the  Shock 
Analysis  Tool  Analysis  Software. 

d.  Sample  rate  of  1 million  samples  per  second  will  be  used  for  response  from  the 
accelerometers. 
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5.0  TEST  SETUP 

5. 1 TEST  ARTICLE  AND  SHOCK  PI. ATE  SETUP 


a.  The  test  setup  is  shown  in  Appendix  A. 

b.  Suspend  the  shock  plate  from  ceiling  using  straps  or  cables  and  shackles. 

c.  Suspend  1 accelerometer  near  the  plate.  Connect  to  data  system  for  recording.  (f\  13) 

d.  Instrument  shock  plate.  Each  accelerometer’s  torque  will  be  to  30±5  in.-lb. 

Torque  wrench:  Torque  value:  35  ll-ii-**'*- 

e.  LSC  plate  and  LSC  backer  plate  to  Test  Panel.  Each  Vi  - 13  bolt’s  torque  will  be 

to  E5jfcSft~lk:  Torque  wrench: JT ]^£33j25_  Torque  value:  55  ft-l\ a. 

(W  C*rt\*c 

6.0  TEST  OPERATION  *-<**jr) 

6.1  INITIAL  TESTS  FOR  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 


6.2 


a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 

Test  No.:  Date:  fl/w/lolX  Test  Article  Desc.:  Aluminum  Plate.  3’x6’x0,19’’ 

Shock  Source  LSC  Core  Load:  1 0 GR/FT  Explosive  Material:  RDX  Sheath:  A! 

Actual  Length  Used:  N 5 * 

Measure  the  overall  width  of  the  FLSC:  Q.  130“  4%  0.  f 3 7^ 

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron): 


b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5.1. 

c.  At  the  start  of  each  test  day,  complete  ET01  -DYN-SHK-FOP-001 , section  6. 

d.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

c.  Perform  the  test  per  sections  7,  8,  and  9 of  ET01  -DYN-SHK-FOP-001 . 

f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  B. 
f.  Verify  that  the  test  run  has  been  completed.  lliofun- 


INITIAL  TESTS  FOR  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 


a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 

Test  No.:  _2  Date:  Test  Article  Desc.:  Aluminum  Plate.  3’x6’x0.19” 

Shock  Source  LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  A] 

Actual  Length  Used:  NS* 

Measure  the  overall  width  of  the  FLSC:  O,  f7  S" 

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron):  Q,  11*  * 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5.1 . 

c.  At  the  start  of  each  test  day,  complete  ET01  -DYN-SHK-FOP-001,  section  6. 

d.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

e.  Perform  the  test  per  sections  7,  8.  and  9 of  ET01 -DYN-SHK-FOP-001 . 
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f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  B. 

g.  Verify  that  the  test  run  has  been  completed.  flfclitn. 

6.3  INITIAL  TESTS  FOR  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 

a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 

Test  No.:  _3_  Date:  *l/fo/2JlZ~  Test  Article  Desc.:  Composite  Panel.  3*x6*x0,2” 

Shock  Source  LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  A1 

Actual  Length  Used:  

Measure  the  overall  width  of  the  FLSC:  0. 130“  4%  OA3Tl' 

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron):  Q.oW' 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5. 1 . 

c.  At  the  start  of  each  test  day,  complete  ETO 1 -DYN-SHK-FOP-QO 1 , section  6. 

d.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

e.  Perform  the  test  per  sections  7,  8,  and  9 of  ETOl-DYN-SHK-FOP-OOl. 

f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  B. 

g.  Verify  that  the  test  run  has  been  completed.  x/'Ocji 

7.0  RECORDS 

The  test  report  for  this  test  will  control  and  include  the  following  records: 

a.  This 44 AS  RUN”  TCP. 

b.  The  test  data  and  the  equipment  list. 

The  test  report  is  controlled  by  ET01-DYN-OWI-001,  Documentation  Control. 

However,  due  to  the  ITAR  designation  for  the  test  results,  the  test  report  and  data  will 
be  securely  controlled.  The  test  report  will  be  available  no  later  than  30  days  after  test 
completion.  The  Test  Requirements  will  not  be  included  in  this  TCP  or  in  the  report, 
but  a copy  may  be  filed  with  the  report  for  future  reference. 

8.0  TOOLS.  EQUIPMENT.  AND  MATERIALS 

The  equipment  used  during  this  test  will  be  listed  in  a table  as  part  of  the  test  report. 

The  list  will  include  test  equipment  calibration  due  dates. 

9.0  PERSONNEL  TRAINING  AND  CERTIFICATION 

Personnel  certified  as  Propellant  and  Explosive  Handler  are  required  to  conduct  this 
test. 


118  of  130 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  303  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


F.T40  / Vibration,  Acoustics,  and  Shock  Team 

Initial  Tests  for  the  Composite  Materials 
Pyroshock  Development  Test 

NESC-DEV-12-014 

Revision: 

Date:  8/3/2012 

Page  6 of  11 

POST-TEST  VERIFICATION 

The  Test  and  Check-out  Procedure  NESC-DEV-12-014  has  been  satisfactorily  completed  and 
documented. 

7 ! f§  j 

Test  Engineer  / ET40  Date 
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Initial  lest s for  the  Composite  Materials  Pyroshock  Development  Test 

Test  Article  Panel:  Aluminum  or  Composite,  Vertical  Position 

Supports:  Straps  and  Shackles 


3.00" 


c 


Linear  Shape  Charge 
Blasting  Cap 
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TEST  DATA  SHEET 


Test  No.:  2.  Date:  ff/l ol2o/X  Test  Article  Dcsc.:  Aluminum  Plate.  3’x6’x0.19’’ 
Test  Article  Configuration:  


Test  Article  Drawing  #:  97M0Q201  Material:  Aluminum  5052  S/N:  Pathfinder 

Test  Article  Drawing  #:  97M0Q202  Material:  Aluminum  S/N:  Pathfinder 

Test  Article  Drawing  #:  97M00203*  Material:  Aluminum  S/N:  Pathfinder 

Test  Article  Drawing  #:  97M00204*’  Material:  Aluminum  S/N:  Pathfinder 

Test  Article  Drawing  #:  97M0Q2Q5  Shock  Source  LSC  L/N:  Qo/ie. 

LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  Aluminum 
Actual  Length  Used:  Sft  5” 


Location 

S/N 

Location 

S/N 

Location 

S/N 

Location 

S/N 

f ~ 

INHS 

X 

II W 

3 

nwi 

H 

307/2. 

5 

31328 

U J 

313?) 

7 

3/331 

8 

3135 1 

9 

3 1330 

10 

3/334 

It 

3/33C, 

‘IX 

31343 

Aluminum  LSC  panel  severance:  ((J 

fc^/No) 

13 

IN  31 

Post-test  visually  inspected  observations:  Bo/fj  d.'A  rtof/noj«  . 

ICC  tie**  


Test  No.:  2 Date:  S/lC/2olL  Test  Article  Desc.:  Aluminum  Plate.  3*x6Tx0.19M 

Test  Article  Configuration:  

Test  Article  Drawing  #:  97M0Q201  ^Material:  Aluminum  5052  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQ02Q2  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing#:  97M00203*'  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQ0204*  Material:  Aluminum  S/N:  Pathfinder 

Test  Article  Drawing  #:  97M00205  Shock  Source  LSC  L/N:  pa. 

LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  Aluminum 
Actual  Length  Used:  ^Sn 


Accelerometer  MFG:  PCB  Model:  35QC02  ZXOQQi 


Location 

S/N 

Location 

S/N 

Location 

S/N 

Location 

S/N 

1 

\mz 

X 

//«/W  3 

3 

IIW 

H 

3070. 

5 

31328 

~T~ 

3/321 

7 

31331 

S’ 

3/35/ 

9 ] 

31m 

to 

3J334 

II 

3/336 

12. 

3/3Y? 

Aluminum  LSC  panel  severance:  (fY esY  No  ) 



mh  J 

Post-test  visually  inspected  observations:  ftol+5  & d.'J  Act  JnoJc  -horjoc. 

f*r  q/f  13  qccctero+izks'J, 
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TEST  DATA  SHEET,  cont. 

Test  No.:  _3_  Date:  ^jlofXcn-  Test  Article  Desc.:  Composite  Panel.  3’x6*xQ.2M 

Test  Article  Configuration:  H+nyi** 

Test  Article  Drawing  #:  97M0Q201  MOD  Material:  IM7/R913  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQQ2Q3*  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00204r  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00205  Shock  Source  LSC  L/N:  a a 

LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  Aluminum 

Actual  Length  Used:  H?*' 

Accelerometer  MFG:  PCB  Model:  350C02 


Location 

S/N 

| Location 

S/N 

Location 

S/N 

Location 

S/N 

± 

3/334 

2. 

31340 

3 

31333- 

H 

367/2. 

5 

3/32  K 

(* 

3/333 

7 

40242 

£_ 

3I3SI 

7 

1 3/33  e 

10 

49545 

U i 

31334 

12. 

40574  1 

Aluminum  LSC  panel  severance:  ((7e§/  No  ) 

13 

ICT  ) 

Post-test  visually  inspected  observations:  B tlfa  W J:J  n-i  /•«/«  'hn**. 

l U+r  Ur  *1  U 13  Ckce.cfcr e>4*\th*S. 


Nof*.  ^ Add  -mop  1+  fkt  (LcJL 
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Equipment  List 
INESC-DEV-12-014 
9/10/2012 

All  3 Tests 

NAME 

NEMS 

SERIAL  NUMBER 

CAL  DUE  DATE 

INFORMATION 

Data  Acquisition 

2011288 

2011288 

7/26/2013 

Nicolet  Channel  2 

001-2 

001-2 

7/26/2013 

A1 

Nicolet  Channel  3 

001-3 

001-3 

7/26/2013 

A2 

Nicolet  Channel  4 

001-4 

001-4 

7/26/2013 

A3 

Nicolet  Channel  5 

002-1 

002-1 

7/26/2013 

A4 

Nicolet  Channel  6 

002-2 

002-2 

7/26/2013 

A5 

Nicolet  Channel  7 

002-3 

002-3 

7/26/2013 

A6 

Nicolet  Channel  8 

002-4 

002-4 

7/26/2013 

A7 

Nicolet  Channel  10 

003-2 

003-2 

7/26/2013 

A8 

Nicolet  Channel  11 

003-3 

003-3 

7/26/2013 

A9 

Nicolet  Channel  12 

003-4 

003-4 

7/26/2013 

A10 

Nicolet  Channel  13 

004-1 

004-1 

7/26/2013 

All 

Nicolet  Channel  14 

004-2 

004-2 

7/26/2013 

A12 

Nicolet  Channel  15 

004-3 

004-3 

7/26/2013 

A13 

Power  Supply 

M652262 

AC47 

1/11/2013 

ch.  1-13 

Torque  Wrench 

M659925 

DHG92271 

11/21/2012 

55  & 28  ft.-lb. 

Nicolet  Analysis  Software 

TEAM256  V7.20 

7.20 

7/26/2012 

Verification  date 

Shock  Analysis  Software 

Shock  Anal.  Tool  Vl.2.5 

1.2.5 

5/21/2009 

Verification  date 

System  Analyzer 

M624300 

0793X3816 

11/14/2012 

Electrostatic  Locator 

M624299 

D13077 

11/14/2012 

Tests  T01  and  T02 

NAME 

NEMS 

SERIAL  NUMBER 

CAL  DUE  DATE 

INFORMATION 

Accelerometer 

M653302 

11448 

9/1/2012 

A1 

Accelerometer 

M653298 

11443 

9/1/2012 

A2 

Accelerometer 

M653296 

11441 

9/7/2012 

A3 

Accelerometer 

M659353 

30712 

8/31/2012 

A4 

Accelerometer 

M659525 

31328 

8/31/2012 

A5 

Accelerometer 

M659526 

31329 

8/31/2012 

A6 

Accelerometer 

M659528 

31331 

8/31/2012 

A7 

Accelerometer 

M659547 

31351 

9/1/2012 

A8 

Accelerometer 

M659527 

31330 

8/31/2012 

A9 

Accelerometer 

M659531 

31334 

8/31/2012 

A10 

Accelerometer 

M659533 

31336 

8/31/2012 

All 

Accelerometer 

M659545 

31349 

9/1/2012 

A12 

Accelerometer 

M653294 

11439 

9/7/2012 

A13 

Torque  Wrench 

M659927 

0709093897 

11/21/2012 

35  in-lb 
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Test  T03 

NAME 

NEMS 

SERIAL  NUMBER 

CAL  DUE  DATE 

INFORMATION 

Accelerometer 

M659531 

31334 

9/7/201S 

A1 

Accelerometer 

M659537 

31340 

9/7/2013 

A2 

Accelerometer 

M659535 

31338 

9/7/2013 

A3 

Accelerometer 

M659353 

30712 

9/7/2013 

A4 

Accelerometer 

M659525 

31328 

9/7/2013 

A5 

Accelerometer 

M659530 

31333 

9/6/2013 

A6 

Accelerometer 

M 6629 61 

40292 

9/7/2013 

A7 

Accelerometer 

M659547 

31351 

9/6/2013 

A8 

Accelerometer 

M659527 

31330 

9/6/2013 

A9 

Accelerometer 

M 662963 

40295 

9/7/2013 

A10 

Accelerometer 

M659533 

31336 

9/7/2013 

All 

Accelerometer 

M 6629 59 

40274 

9/7/2013 

A12 

Accelerometer 

M653294 

11439 

9/5/2013 

A13 

Torque  Wrench 

M 658783 

2384 

2/13/2013 

35  in-lb 

Table  1 - cont. 
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TEAM256  SETTINGS 


Date:  08-10-2012 
Time:  08:05:38 


Storage  Path: 
Filename: 

File  Number: 
Settings  Path; 
Settings  File: 
Export  Path: 
Export  Format: 
Average  Blocks: 
Between  Cursors : 

**************** 


********  GLOBAL  SETTINGS  ******** 

C : \TEAMPRO 
Data 
001 

C:\TEAM256 
NES01 .SET 

D: \ATEST\NESC_1\NEST01\RAWDAT~1 

FAMOS 

No 

No 


k 4e  * * * * * 


RECORDER  SETTINGS 


******* 


******* 


BE1 

Frequency  A : 

Pre  Trigger  : 

Segment  A : 

Number  of  Blocks  : 
Digital  Event  Channels 
Analog  Channels 


1.0000  MHz (Internal) 

48000  Samples  (48.00  ms) 
1000576  Samples  (1.001  s) 

1 

0 


Nr. 

Name 

Min 

Max 

Units 

Coup. 

Amp. 

Filter 

Trigger 

1 

XXX  1 

-55.56 

55.56 

kg’  s 

pk 

GND 

+ 

33.00 

k 

Off 

2 

NES_2 

-64.81 

64.81 

kg’  s 

pk 

DC 

+ 

33.00 

k 

Basic 

3 

NES_3 

-64.81 

64.81 

kg  ’ s 

pk 

DC 

+ 

33.00 

k 

Basic 

4 

NES_4 

-54.05 

54.05 

kg’s 

pk 

DC 

33.00 

k 

Basic 

5 

NES_5 

-56.60 

56.60 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Basic 

6 

NES  6 

-56.07 

56.07 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Basic 

7 

NES_7 

-58.25 

58.25 

kg’  s 

PA 

DC 

+ 

33.00 

k 

Basic 

8 

NES_8 

-55.56 

55.56 

kg’s 

Pk 

DC 

+ 

33.00 

k 

Off 

9 

XXX  9 

-55.56 

55.56 

kg’s 

Pk 

GND 

+ 

33.00 

k 

Off 

10 

NES  10 

-56.07 

56.07 

kg’  s 

Pk 

DC 

* 

33.00 

k 

Off 

11 

NES_1 1 

-54.05 

54.05 

kg  ’ s 

Pk 

DC 

♦ 

33.00 

k 

Off 

12 

NES_12 

-57.69 

57.69 

kg’  s 

pk 

DC 

+ 

33.00 

k 

Off 

13 

NES  13 

-55.56 

55.56 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Off 

14 

NES_1 4 

-55.56 

55.56 

kg’  s 

Pk 

DC 

33.00 

k 

Off 

15 

NES  15 

-53.57 

53.57 

kg ' s 

pk 

DC 

33.00 

k 

Off 

16 

ROC  16 

-55.56 

55.56 

kg's 

Pk 

DC 

+ 

33.00 

k 

Off 

17 

ROC  17 

-55.56 

55.56 

kg ' s 

pk 

DC 

♦ 

33.00 

k 

Off 

18 

ROC_18 

-55.56 

55.56 

kg's 

Pk 

DC 

+ 

33.00 

k 

Off 

19 

ROC,.  19 

-55.56 

55.56 

kg ' s 

pk 

DC 

* 

33.00 

k 

Off 

20 

ROC  20 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

ngineering  Units  Scaling 

XXX. 

1 0 + 

9.2593  k * Voltage 

(g's  pk) 

NES 

_2  0 + 

9.2593 

• k * Voltage 

(g's  pk) 

Voltage  (g's  pk) 
Voltage  (g's  pk) 


NES_3  0 + 9.2593  k * Voltage  (g's  pk) 

NES_4  0 + 9.0090  k * Voltage  (g's  pk) 

NES_5  0 + 9.4340  k 

NES_6  0 + 9.3458  k 

NES_7  0 + 9.7087  k * Voltage  (g's  pk) 

NES_8  0 + 9.2593  k * Voltage  (g's  pk) 

XXX_9  0 + 9.2593  k * Voltage  (g's  pk) 

NES_10  0 + 9.3458  k * Voltage  (g's  pk) 

NES_11  0 + 9.0090  k * Voltage  (g's  pk) 

NES_12  0 + 9.6154  k * Voltage  (g's  pk) 

NES_13  0 + 9.2593  k * Voltage  (g's  pk) 

NES_14  0 + 9.2593  k * Voltage  (g's  pk) 

NES_15  0 + 8.9286  k * Voltage  (g's  pk) 

R0C_16  0 +■  9.2593  k * Voltage  (g’s  pk) 

ROC_17  0 + 9.2593  k * Voltage  (g’s  pk) 

ROC_18  0 + 9.2593  k * Voltage  (g’s  pk) 

ROC_19  0 + 9.2593  k * Voltage  (g’s  pk) 

ROC_20  0 + 9.2593  k * Voltage  (g’s  pk) 

Trigger  Settings  : 

Auto  Trigger:  Off 


Table  2 -Test  T01 
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TEAM256  SETTINGS 

Date:  08-16-2012 
Time:  13:36:23 

A***-**-****************-**  global  settings  ************************* 


Storage  Path: 

Fil ename : 

File  Number: 
Settings  Path: 
Settings  File: 
Export  Path: 
Export  Format: 
Average  Blocks: 
Between  Cursors: 


C:\TEAMPRO 

Data 

001 

C:\TEAM256 
NES02 . SET 

D : \ ATEST\NESC_1 \NEST02 \RAWDAT-1 

FAMOS 

No 

No 


**************** 


****  RECORDER  SETTINGS  ************************ 


BEl 

Frequency  A : 1.0000  MHz (Internal ) 

Pre  Trigger  : 48000  Samples  (48.00  ms) 

Segment  A : 1000576  Samples  (1.001  s) 

Number  of  Blocks  : 1 

Digital  Event  Channels  : 0 

Analog  Channels  : 


Nr. 

Name 

Min 

Max 

Units 

Coup. 

Amp. 

Filter 

Trigger 

1 

XXX_1 

-55.56 

55.56 

kg's 

pk 

GND 

+ 

33.00 

k 

Off 

2 

NES_2 

-46.30 

46.30 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

3 

NES_3 

-46.30 

46.30 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

4 

NES  4 

-45.05 

45.05 

kg’s 

pk 

DC 

+ 

33.00 

k 

Basic 

5 

NES_5 

-47.17 

47.17 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

6 

NES_6 

-37.38 

37.38 

kg  ’ s 

pk 

DC 

+ 

33.00 

k 

Basic 

7 

NES  7 

-38.83 

38.83 

kg  * s 

pk 

DC 

+ 

33.00 

k 

Basic 

8 

NES_8 

-37.04 

37.04 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

9 

XXX  9 

-55.56 

55.56 

kg’s 

pk 

GND 

+ 

33.00 

k 

Off 

10 

NES_10 

-37.38 

37.38 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

11 

NES  11 

-27.03 

27.03 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Off 

12 

NES_12 

-28.85 

28.85 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

13 

NES  13 

-37.04 

37.04 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Off 

14 

NES_14 

-37.04 

37.04 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

15 

NES  15 

-26.79 

26.79 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

16 

ROC  16 

-55.56 

55.56 

kg  ’ s 

pk 

DC 

+ 

33.00 

k 

Off 

17 

ROC_17 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

18 

ROC_18 

-55.56 

55.56 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

19 

ROC_19 

-55.56 

55.56 

kg 1 s 

pk 

DC 

+ 

33.00 

k 

Off 

20 

ROC_2  0 

-55.56 

55.56 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Off 

Engineering  Units  Scaling 


XXX  1 

0 

+ 

9.2593 

k 

★ 

Voltage 

<g' s 

pk) 

NES  2 

0 

+ 

9.2593 

k 

* 

Voltage 

<g’ s 

pk) 

NES_3 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

NES  4 

0 

■f 

9.0090 

k 

* 

Voltage 

(g’s 

pk) 

NES_5 

0 

+ 

9.4340 

k 

* 

Voltage 

(gf  s 

pk) 

NES  6 

0 

+ 

9.3458 

k 

★ 

Voltage 

<g' s 

pk) 

NES_7 

0 

+ 

9.7087 

k 

* 

Voltage 

(g’s 

pk) 

NES_8 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

XXX_9 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

NES  10 

0 

+ 

9.3458 

k 

* 

Voltage 

(g‘  s 

pk) 

NES_11 

0 

+ 

9.0090 

k 

* 

Voltage 

(g*  s 

pk) 

NES_12 

0 

+ 

9.6154 

k 

* 

Voltage 

(g’s 

pk) 

NES_13 

0 

+ 

9.2593 

k 

★ 

Voltage 

(g’s 

pk) 

NES_14 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

NES_15 

0 

+ 

8.9286 

k 

* 

Voltage 

(g's 

pk) 

ROC  16 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC  17 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC_18 

0 

+ 

9.2593 

k 

★ 

Voltage 

(g's 

pk) 

ROC  19 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC  20 

0 

+ 

9.2593 

k 

★ 

Voltage 

(g's 

pk) 

Trigger  Settings  : 

Auto  Trigger:  Off 
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Date:  09-10-2012 
Time:  09:18:58 


*******************1* 


TEAM2  5 6 SETTINGS 


GLOBAL  SETTINGS  ******* 


*************** 


Storage  Path: 
Filename: 

File  Number: 
Settings  Path: 
Settings  File: 
Export  Path : 
Export  Format: 
Average  Blocks: 
Between  Cursors : 


C:\TEAMPRO 

Data 

001 

C:\TEAM256 
NES03 . SET 

D:\ATEST\NESC_1\NEST02\RAWDAT-1 

FAMOS 

NO 

No 


******************** 

BEl 

Frequency  A : 

Pre  Trigger  : 

Segment  A : 

Number  of  Blocks  : 
Digital  Event  Channels 
Analog  Channels 


RECORDER  SETTINGS 


1.0000  MHz {Internal) 

48000  Samples  {48.00  ms) 
1000576  Samples  (1.001  s) 

1 

0 


******** 


Nr. 

Name 

Min 

Max 

Units 

Coup. 

Amp . 

Filter 

Trigger 

1 

XXX_1 

-55.56 

55.56 

kg ' s 

pk 

GND 

+' 

33.00 

k 

Off 

2 

NES_2 

-28.85 

28.85 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

3 

NES_3 

-31.58 

31.58 

kg’s 

Pk 

DC 

4 

33.00 

k 

Basic 

4 

NES_4 

-30.00 

30.00 

kg  ' s 

pk 

DC 

4 

33.00 

k 

Basic 

5 

NES_5 

-28.30 

28.30 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Basic 

6 

NE  S_6 

-28.04 

28.04 

kg ' s 

Pk 

DC 

4 

33.00 

k 

Basic 

7 

NES_7 

-28.57 

28.57 

kg ' s 

Pk 

DC 

+ 

33.00 

k 

Basic 

8 

NES  8 

-28.30 

28.30 

kg ' s 

Pk 

DC 

+ 

33.00 

k 

Off 

9 

XXX_9 

-55.56 

55.56 

kg's 

Pk 

GND 

4 

33.00 

k 

Off 

10 

NES  10 

-28.04 

28.04 

kg’s 

pk 

DC 

4 

33.00 

k 

Off 

11 

NES  11 

-27.03 

27.03 

kg’s 

Pk 

DC 

+ 

33.00 

k 

Off 

12 

NES_12 

-28.30 

28.30 

kg’  s 

pk 

DC 

4 

33.00 

k 

Off 

13 

NES_13 

-27.78 

27.78 

kg’  s 

pk 

DC 

+ 

33.00 

k 

Off 

14 

NES_1 4 

-27.27 

27.27 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Off 

15 

NES  15 

-8.929 

8.929 

kg's 

Pk 

DC 

4 

33.00 

k 

Off 

16 

ROC_16 

-55.56 

55.56 

kg's 

pk 

DC 

4 

33.00 

k 

Off 

17 

ROC  17 

-55.56 

55.56 

kg's 

pk 

DC 

4 

33.00 

k 

Off 

18 

RCXL.18 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

19 

ROC  19 

-55.56 

55.56 

kg’s 

Pk 

DC 

4 

33.00 

k 

Off 

20 

ROC_2  0 

-55.56 

55.56 

kg’s 

Pk 

DC 

+ 

33.00 

k 

Off 

Engineering  Units  Scaling 


XXX_1 

0 

4 

9.2593 

k 

* 

Voltage 

(g'  s 

pk) 

NES_2 

0 

4 

9.6154 

k 

* 

Voltage 

(g's 

pk) 

NES_3 

0 

+ 

10.526 

k 

* 

Voltage 

(g's 

pk) 

NES_4 

0 

4 

10.000 

k 

* 

Voltage 

(g's 

pk) 

NES  5 

0 

4 

9.4340 

k 

* 

Voltage 

(g's 

pk) 

NES_6 

0 

4 

9.3458 

k 

* 

Voltage 

(g's 

pk) 

NES_7 

0 

4 

9.5238 

k 

* 

Voltage 

(g's 

pk) 

NES_8 

0 

4 

9.4340 

k 

* 

Voltage 

(g's 

pk) 

XXX  9 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

NES_10 

0 

4 

9.3458 

k 

* 

Voltage 

(g's 

pk) 

NES_11 

0 

4 

9.0090 

k 

* 

Voltage 

(g's 

pk) 

NES_12 

0 

4 

9.4340 

k 

* 

Voltage 

(g's 

pk) 

NES  13 

0 

4 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

NES_14 

0 

+ 

9.0909 

k 

* 

Voltage 

(g's 

pk) 

NES  15 

0 

4 

8.9286 

k 

* 

Voltage 

(g’s 

pk) 

ROC  16 

0 

4 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC_17 

0 

4 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

R0C_18 

0 

4 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

R0C_19 

0 

4 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC_20 

0 

4 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

Trigger  Settings  : 
Auto  Trigger: 


Off 
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B2.  Group  I (Monolithic  Panel  Tests) 

The  test  report  documenting  pathfinder  group  tests  4,  5,  and  the  task  assessment  baseline  Group  I 
tests  numbers  1 through  10  are  documented  in  the  attachments  below. 
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National  Aeronautics  and  Space  Administration 

George  C.  Marshall  Space  Right  Center 
Marshall  Space  Flight  Center,  AL  35812 

January  20,  2015 


RapN  to  Attn  of:  ET40-1 5-006 


TO:  EV32/David  O.  Ordway 

FROM:  ET40/Timothy  C.  Driakili 

SUBJECT:  Additional  Initial  Tests  and  Start  of  the  Composite  Materials  Pyroshock 

Development  Test,  NESC-DEV-12-028 


REF:  ED73.1 


The  solid  composite  pathfinder  panel  and  solid  composite  panel  test  articles  were  tested  in  the 
ET40  Pyrotechnic  Shock  Facility,  building  4619,  room  170.  Testing  was  completed  on  February 
22,  2013.  The  test  was  run  in  accordance  with  Test  and  Checkout  Procedure,  (TCP)  NESC- 
DFV-1 2-028.  Two  tests  were  run  using  composite  pathfinder  panels  and  five  tests  were  run  on 
the  solid  composite  panels  for  Group  I - Tests  01  to  05.  The  accelerometer  test  setup  is  shown  in 
the  photographs  section  of  this  report.  Accelerometer  location  A4  was  not  used  in  Pathfmdcr  test 
no.  4 due  to  an  improperly  threaded  insert  installed  at  that  location.  No  post-test  observations 
were  noted. 

Please  direct  any  questions  or  comments  regarding  this  test  to  Mr.  Craig  Garrison  at  (256)  544- 


Structural  Dynamics  Test  Branch 

Enclosure 

cc: 


ETOl/Filc  (w/o  enclosure) 
ET40/File 

C105/Sleven  J,  Gentz 
ES2 2/David  S.  Parsons 
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NESC-DEV-12-028 
Composite  Materials 
Shock  Test 

General  Test  Setup 
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Test  Matrix  As  Run 

Test 

Date 

Panel  ID 

Test  ID 

1 

11-30-12 

Composite 
Pathfinder  #4 

Initial  Test  #4 

2 

12-5-12 

Composite 
Pathfinder  #5 

Initial  Test  #5 

3 

1-23-13 

0320A001 

Group  1 Test  1 

4 

1-29-13 

0320A002 

Group  1 Test  2 

5 

2-5-13 

0320A004 

Group  1 Test  4 

6 

2-8-13 

0320A003 

Group  1 Test  3 

7 

2-22-13 

0320A005 

Group  1 Test  5 
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start  of  THE 

COUPOJMTC  WATfcRIAl.S 
PYROSHOCK  DEV  TEST 

GROUP  I TEST  AS 
2/H.7013 

RASA.*iSFOtl4<M»SF 


Panel  3 ft.  tall 


Accels  12  in.  apart 


Accels  6 in.  apart,  3 in  above  and  below  panel  centerline 


Panel  6 ft.  wide 


Typical  Test  Setup  - Front  of  Panel 
Accelerometer  Locations 
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PYROSHOCK  DEV.  TEST 
NESC-DEV-1 2-028 

GROUP  1 ■ TEST  #1 
1/23/2013 

NASA/MSFC/ET40/PSF 


Typical  Test  Setup  - Front  of  Panel 
Accelerometer  Locations 
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NESC-DEV-12-028 
Composite  Materials 
Shock  Test 

Test  1 Setup 
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NESC-DEV-12-028 
Composite  Materials 
Shock  Test 

Test  2 Setup 


21  of  268 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  337  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


22  of  268 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  338  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  339  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  340  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  341  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


NESC-DEV-12-028 
Composite  Materials 
Shock  Test 

Test  3 Setup 
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Test  4 Setup 


31  of  268 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  347  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


32  of  268 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  348  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


33  of  268 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  349  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  350  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  351  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


NESC-DEV-12-028 
Composite  Materials 
Shock  Test 

Test  5 Setup 
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1.0  INTRODUCTION 

1.1  PURPOSE 

The  purpose  of  this  procedure  is  to  define  the  steps  necessary  to  perform  a pyrotechnic 
shock  test  in  the  Pyrotechnic  Shock  Facility  in  Building  4619  using  pyrotechnic 
devices. 

Initial  Test  Articles:  3'x6'x0.2”  solid  composite  pathfinder  panel  with  LSC  plate  and 
LSC  backing  plate.  One  panel  with  all  ply  orientations  at  0 degrees,  and  one  panel  with 
all  ply  orientations  al  90  degrees,  as  specified  in  table  H lest  1 & 5 of  the  applicable  test 
nl  an. 

Test  Matrix  Test  Articles:  3\\cT  solid  composite  panel  with  LSC  plate  and  LSC  backing 
plate.  The  first  5 test  articles  of  the  test  matrix  are  described  in  'fable  111.  Group  1.  tests 
1 to  5. 

Program:  NESC  Type  of  Test:  Pyrotechnic  Shock  Development  Test 
Test  Purpose:  To  capture  the  acceleration  time  history  of  initial  test  setup  and 
instrumentation  checkout  panels. 

The  Pyrotechnic  Shock  Facility  is  located  in  Rooms  1 70,  170 A and  170B  of  Building 
4619.  Room  1 70 A is  designated  as  the  Control  Room.  The  area  between  Room  169 
and  1 70  is  used  for  storage  of  secondary  pyrotechnic  devices.  Room  1 70B  is  used  for 
storage  of  initiators.  All  detonation  of  pyrotechnic  devices  will  be  in  Room  170. 

1.2  SCOPE 

This  document  contains  the  steps  and/or  references  the  procedure  to  conduct  the  test. 

2.0  SAFETY 

Follow  all  emergency  and  safety  requirements  specified  in  ET01-DYN-SHK-FOP-001 . 

2.1  Responsibilities 

The  Test  Engineer  will  be  responsible  for  all  activities  occurring  in  the  hazardous  test 
area  and  for  the  safety  of  personnel  involved  in  the  test  activities.  It  is  the  responsibility 
of  each  individual  in  a test  program  to  fully  comply  with  the  requirements  of  this 
document  and  to  report  any  individual  not  complying.  Failure  to  do  so  could  lead  to 
serious  personnel  injuries  or  death. 

3.0  TEST  REQUIREMENTS  AND  INFORMATION 

3.1  DOCUMENTS 

3.1.1  APPLICABLE  DOCUMENTS 
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Test  Requirements:  Pyroshock  Response  Characterization  of  Composite  Materials  Test 
Plan  Revision  A,  NESC  Task  # TI- 12-0783  (SLS  ADO-21),  1 1/8/2012 

Test  Procedure:  ET01-DYN-SIIK-FOP-001  Pyrotechnic  Shock  Tests 

PANEL  #4  - #5  COMPOSITE  PATHFINDER  PANEL 

97M00200-GRP  1-TEST  1-5  COMPOSITE  TEST  PANEL,  GROUP  1,  TEST  #l-#5 
97M00202  LSC  BACKING  PLATE,  COMPOSITE  TEST  PANEL  PATHFINDER 
97M00203-MOD  LSC  PLATE,  COMPOSITE  TEST  PANEL  PATHFINDER 
97M00204-MOD-2- 1 0 LSC  SHIM.  COMPOSITE  TEST  PANEL  10  GPF  LSC 
97M00204-MOD-2-22  LSC  SHIM,  COMPOSITE  TEST  PANEL  22  GPF  LSC 
97M00205  10  GRIFT  LSC,  COMPOSITE  TEST  PANEL  PATHFINDER 

3.1.2  REFERENCED  DOCUMENTS 
ET01-DYN-OWI-001  Documentation  Control 

ET0 1 -D  YN-OWI-002  T est  Operation  Procedure  Preparation  and  Change  Control 

3.2  TEST  INFORMATION 

3.2.1  The  instrumentation  locations  are  given  in  the  drawings  listed  in  the  applicable 
documents  and  appendix  A for  the  test. 

3.2.2  Pyrotechnic  shock  tests  may  be  performed  on  the  test  article  in  the  order  and 
configuration  directed  by  the  test  requester. 

3.2.3  The  shock  test  will  be  performed  on  a room  temperature  test  article. 

3. 3 TE  ST  REQUIREMENTS 

3.3.1  The  Test  Engineer  will  be  in  charge  of  all  test  preparations  and  activities. 

3.3.2  All  activities  will  be  coordinated  with  the  Test  Engineer. 

3.3.3  All  changes  to  the  procedure  will  be  coordinated  with  the  Test  Engineer. 

3.3.4  The  development  test  articles  will  be  tested  with  pyrotechnic  shock  test  runs  as  directed 
by  the  test  requester.  The  test  article  information  will  be  recorded  in  this  TCP. 

4.0  TEST  DATA 


a.  The  test  data  includes  a time  history  of  the  real  time  shock  recorded  over  a 20 
millisecond  or  longer  interval  and  the  units  are  g’s  peak  versus  time. 

b.  The  second  plot  is  a Shock  Response  Spectrum  (SRS)  using  5%  damping  and  a 
1/6  octave  shock  spectrum  analyzer.  The  SRS  is  computed  over  the  frequency 
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ET40  / Vibration.  Acoustics,  and  Shock  Team 

Additional  Initial  Tests  and  Start  of  the  Composite 
Materials  Pyroshock  Development  Test 

NESC-DEV- 12-028 

Revision: 

Date:  11/15/2012 

Pape  4 of  15 

5.0 

5.1 


6.0 

6.1 


6.2 


band  from  50  to  10,000  Hertz.  The  SRS  units  are  g’s  versus  frequency. 

c.  The  data  will  be  acquired  on  a Nicolet  BE256LE  data  acquisition  system  and  the 
SRS  analysis  w ill  be  performed  using  a personal  computer  and  the  Shock 
Analysis  Tool  Analysis  Software. 

d.  Sample  rate  of  1 million  samples  per  second  will  be  used  for  response  from  the 
accelerometers. 

C+.I  * iMtoi  I 


TES  T SETUP 


UM  { 3//o/2*iZ 


^ t:  zixt/n.  3 

Gr*u/  1 -Tirjf 

1 -Tej*  3 
*+*  1 -Ter/  s 

The  test  setup  is  shown  in  Appendix  A. 

Suspend  the  shock  plate  from  ceiling  using  straps  or  cables  and  shackles.  ^ 

Suspend  1 accelerometer  near  the  plate.  Connect  to  data  system  for  recording.  (AO/ 
Instrument  shock  plate.  Each  accelerometer’s  torque  will  be  to  30±5  in.-lb. 

Torque  wrench:  7$2>  **  Torque  value:  35 /V b.  C+t* 

LSC  plate  and  LSC  backer  plate  to  Test  Panel.  Each  !4-  (3  bolt’s  torgue  will  be 
to 55y~5-ft~b.  Torque  wrench:  W\(m 53*110  Torque  value:  S5ft-lb 

2x/t3 

C+L'  CM  A©  IcJ 


TEST  ARTICLE  AND  SHOCK  PLATE  SETUP 


TEST  OPERATION 

ADDITIONAL  INITIAL  TESTS  OF  THE  COMPOSITE  MATERIALS 
PYROSHOCK  DEV.  TEST 


Pimn3  , 

Pat 


a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 

Pathfinder  Test  No.:  _4_  Date:  //-3/KZfl/L  T^st  Article  Desc.:  IM7/R9I3  Solid  , 

Composite  Pathfinder  Panel,  all  plies  are  W**  3*x6’x0.2”  A 

Shock  Source  LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX 

Actual  Length  Used:  jfisi 

Measure  the  overall  width  of  the  FLSC:  Qx  131 " 


Sheath:  Al  *«•* 


.Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron): 


b.  Verify  that  the  shock  plate  is  ready  tor  testing  per  section  5.1 . 

c.  At  the  start  of  each  test  day,  complete  ET0  l-DYN-SHK-FOP-001,  section  6. 

d.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

e.  Perform  the  test  per  sections  7,  8.  and  9 of  ET0 1 -DYN-SI IK-FOP-OO I . 

f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  B. 

g.  Verify  that  the  test  run  has  been  completed. 

ADDITIONAL  INITIAL  TESTS  OF  THE  COMPOSITE  MATERIALS 
PYROSHOCK  DEV.  TEST 

a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 
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Pathfinder  Test  No.:  5 Date:  3.013-  Tqst  Article  Desc.:  IM7/R91 3 Solid 

Composite  Pathfinder  Panel,  all  plies  are  3L\6*x0.2” 

Shock  Source  LSC  Core  Load:  10  GK7FT  Explosive  Material:  RPX  Sheath:  A1 

Actual  Length  Used:  M.S* 

Measure  tile  overall  width  of  the  1LSC:  0. 13 1 11 

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron):  floVT 

b.  Verify  that  the  shock,  plate  is  rgady  for  testing  per  section  5.1 . 

c.  At  the  start  of  each  test  day,  complete  ET01  -D  YN-SHK-FOP-OOL  section  6. 

d.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

e.  Perforin  the  test  per  sections  7,  8,  and  9 of  ETOl-DYN-SHK-l  OP-OOl . 

f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  B. 

g.  Verify  that  the  test  run  has  been  completed. 

6.3  START  OF  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 

a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 

Groupl  Test  No.:  jL  • Date:  Test  Article  Desc.:  IM7/TC350  Solid 

Composite  Panel.  3?x6'  Thickness:  0.200'*  Ply:  Fabric  Orientation:  0-Deg..  18  plv 
Shock  Source  LSC  Core  Load:  10  GR/FT  Explosive  Material:  RPX  Sheath:  A1 

Actual  Length  Used: 

Measure  the  overall  width  of  the  FLSC:  DJ3i" 

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron):  0.  oW* 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5.1 . 

c.  At  the  start  of  each  test  day,  complete  ETO 1 -DYN-SHK-FOP-OO 1 , section  6. 

d.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

e.  Perform  the  test  per  sections  7,  8,  and  9 of  ETO  1 -D  YN-SHK-FOP-OO I . 

f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  B. 

g.  Verify  that  the  test  run  has  been  completed. 

6.4  START  OF  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 

a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 

tf  a320Aee>X 

Groupl  Test  No.:  JL  Date:  Test  Article  Desc.:  1M7/TC350  Solid 

Composite  Panel,  3'x6'  Thickness:  0.200*'  Ply:  f abric 
Orientation:  +45°M5°.  0°  (2\).  +45°M5*.  90°  (2xL  18  pIv 
Shock  Source  LSC  Core  Ix)ad:  10  GR/FT  Explosive  Material:  RPX  Sheath:  A] 

Actual  Length  Used:  Hte  1 : 

Measure  the  overall  width  of  the  FLSC: . 

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron):  ft,  Q9*/*1 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5. 1 . 
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c.  At  the  start  of  each  test  day,  complete  ETOl-DYN-SHK-FOP-OOl , section  6. 

d.  Photograph- the  locations  and  orientations  of  all  accelerometers. 

e.  Perform  the  test  per  sections  7,  8,  and  9 of  ETOl-DYN-SHK-FOP-OOl . 

f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  B. 

g.  Verify  that  the  test  run  has  been  completed.  fic 

6.5  START  OF  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 

a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 

If  * oizo/tpoi 

Groupl  Test  No.:  3 Date:  Test  Article  Desc.:  IM7/TC350  Solid 

Composite  Panel.  3,x6*  Thickness:  0.300''  Ply:  Tape 
Orientation:  +457-45°.  0°  Qx).  -457-45°.  90°  (2x1.  54  p|v 
Shock  Source  LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  AJ 

Actual  Length  Used:  yui 

Measure  the  overall  width  of  the  FLSC:  O-Pf " 

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron  ):  D.  £>?</" 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5. 1 . 

c.  At  the  start  of  each  test  day,  complete  ETOl-DYN-SHK-FOP-OOl,  section  6. 

d.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

e.  Perform  the  test  per  sections  7,  8,  and  9 of  ET0 1 -D  YN-SFTK-FOP-OO I . 

f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  B. 

g.  Verify  that  the  test  run  has  been  completed. 


6.6  START  OF  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 

a.  Record  and  verify'  the  test  information  below  and  in  appendix  B. 

Group  I Test  No.:  Date:  ~S~M3  Test  Article  Desc.:  IM7/TC35Q  Solid 

Composite  Panel.  3’x6'  Thickness:  0.300"  Ply:  Fabric 
Orientation:  ^457-45°.  0°  (2x).  -r457-45°.  90°  (2x1  27  ply 
Shock  Source  LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  A1 

Actual  Length  Used:  H* 

Measure  the  overall  width  of  the  FLSC:  

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron):  f).  Ho* 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5.1 . 

c.  At  the  start  of  each  test  day.  complete  ET01  -DYN-SHK-FOP-OOL  section  6. 

d.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

e.  Perform  the  test  per  sections  7,  8,  and  9 of  ET0 1 -DYN-SHK-FOP-OO 1 . 

f.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
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visually  inspected  observ  ations  under  this  test  number  in  appendix  B. 
g.  Verify  that  the  test  run  has  been  completed.  /^2-5‘aof  3 

6.7  START  OF  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 


a.  Record  and  verify  the  test  information  below  and  in  appendix  B. 

lt>:  0 3A.0 AMS 

Groupl  Test  No.:  5 Date:  Test  Article  Desc.:  1M7/TC350  Solid 

Composite  Panel,  3’x6’  Thickness:  0.200*’  Ply:  Tape 
Orientation:  +457-45°.  0°  <2x).  +457-45°.  90°  (2x1.  38  pIv 
Shock  Source  LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  A] 

Actual  Length  Used:  JL^L . 

Measure  the  overall  width  of  the  FLSC: 0.  Ilf  

Measure  the  width  of  the  FLSC  inside  the  apex  (inverted  chevron):  £T7lo  " 


b. 

c. 

d. 

e. 

f. 

g- 


Verify  that  the  shock  plate  is  ready  for  testing  per  section  5.1. 

At  the  start  of  each  test  day,  complete  ET01-DYN-SHK-FOP-001,  section  6. 
Photograph  the  locations  and  orientations  of  all  accelerometers. 

Perform  the  test  per  sections  7,  8.  and  9 of  ET01  -DYN-SHK-FOP-OO I . 

Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post -test 
visually  inspected  observations  under  this  test  number  in  appendix  B.  , 

Verify  that  the  test  run  has  been  completed.  * * 


7.0  RECORDS 

The  test  report  for  this  test  will  control  and  include  the  following  records: 

a.  This  “AS  RUN”  TCP. 

b.  The  test  data  and  the  equipment  list. 

The  test  report  is  controlled  by  ET0I-DYN-OW1-001.  Documentation  Control. 
However,  due  to  the  ITAR  designation  for  the  test  results,  the  test  report  and  data  will 
be  securely  controlled.  The  test  report  will  be  available  no  later  than  30  days  after  test 
completion.  The  Test  Requirements  will  not  be  included  in  this  TCP  or  in  the  report, 
but  a copy  may  be  filed  with  the  report  for  future  reference. 

8.0  TOOLS.  EQUIPMENT.  AND  MATERIALS 

The  equipment  used  during  this  test  will  be  listed  in  a table  as  part  of  the  test  report. 
The  list  will  include  test  equipment  calibration  due  dates. 

9.0  PERSONNEL  TRAINING  AND  CERTIFICATION 


Personnel  certified  as  Propellant  and  Explosive  Handler  are  required  to  conduct  this 
test. 
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POST-TEST  VERIFICATION 

The  Test  and  Check-out  Procedure  NESC-DEV-1 2-028  has  been  satisfactorily  completed  and 
documented. 


l est  Engineer  / E 140 


Date 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  570  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


APPENDIX  A 


TEST  SETUP 


255  of  268 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  571  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


ET40  / Vibration.  Acoustics,  and  Shock  Team 

Additional  Initial  Tests  and  Start  of  the  Composite 
Materials  Pyroshock  Development  Test 

NESC -DEV- 1 2-0  28 

Revision: 

Date:  11/15/2012 

Page  10  of  15 

Additional  Initial  Tests  and  Start  of  the 
Composite  Materials  Pyroshock  Development  Test 

Test  Article  Panel:  Composite,  Vertical  Position 

Supports:  Straps  and  Shackles 
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TEST  DATA  SHEET 


Pathfinder  Test  No.:  ^ Date:  || 0-3.012.  1 
Pathfinder  Panel,  all  38  tape  plies  are^dVcUSa 
Test  Article  Configuration:  H ft <13^3 


est  Article  Desc.:  IM7/R913  Solid  Composite 
feg.  .Vx6\(K2" 


Test  Article  Drawing  #:  Panel  #4-#5  Material:  1M7/R913  Solid  Composite  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M0Q2Q2  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQ02Q3-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00204-MQD-2-10  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00205  Shock  Source  LSC  L/N: 

LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  Aluminum 
Actual  Length  Used:  S"  _ 


Location 

S/N 

Location 

S/N 

| location 

S/N 

Location 

S/N 1 

i 

3/>3M 

X 

3I3HO 

3 

3133* 

JL 

307/2. 7 

3132* 

6 

31333 

7 

402.12. 

i „ 

3I3SI 

31130 

tV 

_ HoxiS 

H 

3/336 

12. 

VoZW 

Aluminum  LSC  panel  severance:  ((V esy  No  ) 

13 

(1 V31)® 

1 >><J 


Post-test  visually  inspected  observations:  AlA  /ui  lean  . £*»/h  fkc 

f+nil,  Ic-H"  t»  Ifj  H K 4.14  t-kc.V  4*  riu  < . TUl  r'ffkt'  K/fAc/V 

lil  hri S*  . u r*r<- Sulkily  frchw  H«>  Aro// 

Pathfinder  Test  No.:  $ Date:  JJest  Article  Desc.:  1M7/R913  Solid  Composite 

Pathfinder  Panel,  all  38  tape  plies  arc 
Test  Article  Configuration: 


3\\6,x0.r 


Test  Article  Drawing  #:  Panel  #4-#5  Material:  1M7/R913  Solid  Composite  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M002Q3-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M002Q4-MQD-2-10  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #;  97M00205  Shock  Source  LSC  L/N : 

LSC  Core  Load:  1 0 GR/FT  Explosive  Material:  RDX  Sheath:  Aluminum 


Accelerometer  MFG:  PCB  Model:  350C02  <£  : 

Location 

S/N 

Location 

S/N 

Location 

S/N 

Location 

S/N 

i 

31334 

a 

3l3*/0 

3133? 

4 . 

[3/33! 

__ 

3 132? 

6 

11333 

7 

4/0212 

5. 

3/35/ 

i 

3 1 3.30 

10  . 

Jl  . 

3/336" 

12. 

VO  21*/ 

Aluminum  LSC  panel  severance:  No  ) 

— _Q — 

l«Mf» 

Post-test  visually  inspected  observations:  Lr  ^ r. 

AJa  ics f* r+icJ*  /) 0/*)+ 1 '*J . A»ry«<. 


k.ilc  IdAkt*'* _jpry t*  . 
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TEST  DATA  SHEET,  coni. 


Group:  [ Test  No.:  0J_  Date:  | Test  Article  Dcsc.:  1M7/TC350  Solid  Composite 
Panel,  all  18  fabric  plies  are  0 degrees,  3<x6<x0.2M 

Test  Article  Configuration:  

Test  Article  Drawing  #:  97M00200-GRP  l-TEST  1-5  Material:  IM7/TQ50  S/V  QtiMOo  < 
Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M002Q3-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M002(M -MQD-2- 1 0 Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00205  Shock  Source  LSC  L/N:  ncte, 

LSC  Core  Load:  10  GR/FT  Explosive  Material:  KDX  Sheath:  Aluminum 
Actual  Length  Used:  *48,6“ - ■ 


I ocation 

S/N 

Location 

S/N 

Location 

S/N  1 

I Location 

S/N 

i 

31331 

2- 

3)310. 

31 331 

3)331 

5 

3t$M 

L 

31333 

7 

10211 

g . 

3/35/ 

312M 

)0 

i r 

7jm Z 1 

I *oin 

Aluminum  LSC  panel  severance:  <(Y es>  No  ) 

lJiLJ 

\ It*  3T_I 

Post-test  visually  inspected  observations: 


Group:  1 Test  No.:  02  Date:  1-27-24*3  Test  Article  Desc.:  1M7/TC350  Solid  Composite 
Pathfinder  Panel:  18  fabric  plies  with  _l4S°/-45°t  0°  (2xT  1457-45°.  90°  (2x1: 

Test  Article  Configuration:  

Test  Article  Drawing  #:  97M00200-GRP  1-TEST  1-5  Material:  IM7/TC350  S/N:  0310 tool 
Test  Article  Drawing  #:  97MQ0202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00203-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQ0204-MQD-2- 1 0 Material:  Aluminum  S/N : Pathfinder 
l est  Article  Drawing  #:  97M00205  Shock  Source  LSC  L/N: 

LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  Aluminum 

Actual  Length  Usedr  Ut.Su 

Accelerometer  MFG:  PCB  Model:  3 5 PC 02. 


Location 

S/N 

Location 

S/N 

Location 

S/N 

Location 

S/N 

i 

31331 

2. 

3/310 

3 

3I33S 

31331 

5 

31  ns 

(e 

3)33  3 

7 

10-2.32. 

3I3SI 

5 

3H3Q 

■i  3Q 

^ IMS  , 

ij 

3in<* 

HI 

Aluminum  LSC  panel  severance:  No  ) 

13 

wsL  i 

Post-test  visually  inspected  observations: 
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Page  14  of  15 

TEST  DATA  SHEET,  cont. 


Group:  I Test  No.:  ^3_  Date:  2o/3  Test  Article  Desc.:  IM7/TC350  Solid  Composite 

Panel:  54  tape  plies  with  +45°MSt\  0°  (2xL  +45°/-45°.  90°  (2x):  3,x6Tx0.3" 

Test  Article  Configuration:  

Test  Article  Drawing  U:  97MQ0200-GlO>  i-TEST  1-5  Material:  IM7/TC350  S/N:  QJ1</4qd3 
Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00203-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M0Q204-MQD-2- 1 0 Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  9 7M 002 05  Shock  Source  LSC  L/N: 

LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  Aluminum 

Actual  Length  Used:  Ht'S" 

Accelerometer  MFG:  PCB  Model:  3 5 PC 02 


Location 

S/N- 

Location 

S/N 

1 .ocation 

S/N 

Location 

S/N 

1 

JiW 

a 

ZOHO 

3 

31338 

H 

31331 

$ 

^ 3 132S 

31 333  J 

7 

H02.1X 

S 

31351 

31220 

10 

4o y\5 

n 

313 3(, 

12. 

V0474 

Aluminum  LSC  panel  severance:  No  ) 

13  i 

IN'37  1 

Post-test  visually  inspected  observations:  rtc/i* 


Group:  I Test  No.:  0 ^ Date:  3-5-24/3  Test  Article  Desc.:  1M7/TC350  Solid  Composite 
Panel:  27  fabric  plies  with  +45°M5°,  0°  (2xL  +450/-45o.  90°  (2x);  3%x6'x0.3" 

Test  Article  Configuration:  

Test  Article  Drawing  #:  97M00200-GRP  1-TLST  1-5  Material:  1M7/TC350  S/N:  0326*0*4 
Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQQ2Q3-MOD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQ0204-MQD-2- 1 0 Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00205  Shock  Source  LSC  L/N: 

LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  Aluminum 

Actual  Length  Used:  q 1 

Accelerometer  MFG:  PCB  Model:  350C02  


Location 

S N 

1 Location 

S/N 

Location 

S/N 

1 Location 

S/N 

; L 

J/3J4 

2.  . 

31 34o 

3 

3 <33? 

¥ 

3)33) 

* 

313 2? 

31333 

7 

H0X13. 

g 

3)351 

°i 

3)330 

to 

HoX-35  I 

11 

3/J30 

Aluminum  LSC  panel  severance:  (Ctejp/No  ) 

—L2 . 

IIH3<\  J 

Post-test  visually  inspected  observations:  /?o/)g 
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TEST  DATA  SUEET,  cont. 


Group:  1 Test  No.:  0S_  Date:  Test  Article  Desc.:  1M7/TC350  Solid  Composite 

Panel:  38  tape  plies  with  +45°/-45Q,  0°  <2x),  +45°/-45°,  90°  (2x):  Tx6*x0.2” 

Test  Article  Configuration: 


Test  Article  Drawing  #:  97M002Qi 


20Q-GRP  I- 


TEST  1-5  Material:  IM7/TC350  S/N:  QZXoAQOS 


Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQ02Q3-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQ02Q4-MQD-2-1Q  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00205  Shock  Source  LSC  L/N: 

LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  Aluminum 
Actual  Length  Used:  if1 


Location 

S/N 

Location 

S/N 

Location 

S/N 

Location 

S/N 

i 

31J3H 

2. 

313*10 

~ 3- 

3)338 

i H 

3133) 

s 

3)32.8 

& 

31333 

7 

4A2?  2. 

g ' 

3\3SL_ 

7 

31330 

ro 

HoxiS 

a 

3/3J6 

IX 

Hozny 

Aluminum  LSC  panel  severance:  ( 2 

j2>/No  ) 

13 

_J1^L3±J 

Post-test  visually  inspected  observ  ations: 
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N ESC-DEV-12-028 
Equipment  List 

Description 

(Manufacturer 

|Mocel/Version 

| ID/Serial  Numbec 

|Locatiar 

|Cal  Due  Date 

Shock  Analysis  Tool 

ET40 

1.2.5 

Verified  5/21/2009 

TEAM256 

Nicolet 

7.20 

Verified  7/26/2012 

Tore  lie  Wrench  (tests  1 7) 

Snap  On 

QD3R250 

M653410 

2/22/2013 

Tore  no  Wrench  (tests  16) 

Precisor  Instruments 

44620 

M658783 

2/13/2013 

Tore ue  Wrench  (test  7) 

Snap-On 

TEC3FUA 

M634527 

3/10/2013 

Tore ue  Wrench  (tests  1,2 J 

Proto 

6012 

M644973 

2/28/2013 

Tore uc  Wrench  (tests  3 7) 

Proto 

6012C 

M659924 

2/ 28/2013 

Power  Supply 

Cncevro 

279.1 

M652262 

Charnels  1 IS 

1/11/2013,  1/10/2014  ♦ 

Data  Acquisition  System 

Nicolet 

BE256LE 

201128S 

Charnels  2-8, 10-15 

7/26/2013 

Channel  2 

Nicolet 

614CB 

001-2 

A1 

7/26/2013 

Channel  3 

Nicolet 

614CB 

001-3 

A2 

7/26/2013 

Channel  4 

Nicolet 

614CB 

001-4 

A3 

7/26/2013 

Channel  5 

Nicolet 

614CB 

002  1 

A4 

7/26/2013 

Channel  6 

Nicolet 

614CB 

002  2 

A5 

7/26/2013 

Channel  7 

Nicolet 

614CB 

002-3 

A6 

7/26/2013 

Channel3 

Nicolet 

614CB 

002-4 

A7 

7/26/2013 

Channel  10 

Nicolet 

614CB 

003  2 

A8 

7/26/2013 

Channel  11 

Nicolet 

614CB 

003  3 

A9 

7/26/2013 

Channel  12 

Nicolet 

614CB 

003-4 

A10 

7/26/2013 

Charnel  13 

Nicolet 

614CB 

004-1 

All 

7/26/2013 

Channel  14 

Nicolet 

614CB 

004  2 

A12 

7/26/2013 

Charnel  15 

Nicolet 

614CB 

004-3 

A13 

7/26/2013 

Accelerometer 

PCB 

350B02 

11439 

A13 

9/5/2013 

Accelerometer 

PC5 

350002 

31334 

A1 

9/7/2013 

Accelerometer 

PCB 

350C02 

31340 

A2 

9/7/2013 

Accelerometer 

PCB 

350C02 

31338 

A3 

9/7/2013 

Accelerometer 

PCB 

350C02 

30712 

A4 

9/7/2013 

Accelerometer 

PCB 

350002 

31331 

A4 

9/7/2013 

Accelerometer 

PCB 

350002 

31328 

A5 

9/7/2013 

Accelerometer 

PCB 

350C02 

31333 

A6 

9/6/2013 

Accelerometer 

PCB 

350C02 

40292 

A7 

9/7/2013 

Accelerometer 

PCB 

350C02 

31351 

A8 

9/6/2013 

Accelerometer 

PCB 

350C02 

31330 

A9 

9/6/2013 

Accelerometer 

PCB 

350C02 

40295 

A10 

9/7/2013 

Accelerometer 

PCB 

350002 

31336 

All 

9/7/2013 

Accelerometer 

PCB 

350C02 

40274 

A12 

9/7/2013 

* Recalibrated  prior  to  test  3 
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TEAM 256  SETTINGS 

Date:  12-18-2014 
Time:  14:56:05 


************************  GLOBAL  SETTINGS 

Storage  Path:  C:\TEAMPRO 
Filename:  Data 

File  Number:  001 

Settings  Path:  C:\TEAM256 
Settings  File:  NES04.SET 

Export  Path:  D:\ATEST\NESC_2\NEST04\RAWDAT~1 

Export  Format:  FAMOS 
Average  Blocks:  No 
Between  Cursors:  No 


a**********************  r^qqrdER  SETTINGS  **»♦»♦♦*»+**»»***»*»*»»• 


BE1 

Frequency  A : 

Pre  Trigger : 

Segment  A : 

Number  of  Blocks 
Digital  Event  Channels : 
Analog  Channels  : 

Nr.  Name  Min  Max 


1 .0000  MHz(lntemal) 

48000  Samples  (48.00  ms) 

1000576  Samples  (1.001  s) 

1 

0 

Units  Coup.  Amp.  Filter  Trigger 


1 XXX_1  -55.56  55.56  kg's  pk  GND 

2 NES_2  -28.85  28.85  kg-s  pk  DC  + 

3 NES_3  -31.58  31 .58  kg’s  pk  DC  + 

4 NES_4  -30.00  30.00  kg’s  pk  DC  * 

5 NES_5  -28.30  28.30  kg’s  pk  DC  + 

6 NES_6  -20.04  28.04  kg’s  pk  DC  + 

7 NES  7 -28.57  28.57  kg’s  pk  DC  + 

8 NES_8  -28.30  28.30  kg’s  pk  DC  + 

9 XXX_9  -55.56  55.56  kg’s  pk  GND  + 

10  NES  10-28.04  28.04  kg’s  pk  DC  + 

11  NES_1 1-27.03  27.03  kg’s  pk  DC  + 

12  NES_12 -28.30  28.30  kg’s  pk  DC  + 

1 3 NES_13  -27.78  27.78  kg’s  pk  DC  + 

14  NES _14 -27.27  27.27  kg’s  pk  DC  + 

15  NES_15 -8.929  8.929  kg’s  pk  DC  + 

16  ROC_16 -55.56  55.56  kg’s  pk  DC  + 

17  ROC  J 7 -55.56  55.56  kg’s  pk  DC  + 

18  ROC_18  -55.56  55.56  kg’s  pk  DC  + 

19  ROCJ9  -55.56  55.56  kg’s  pk  DC  + 

20  ROC__20  -55.56  55.56  kg’s  pk  DC  + 

Engineering  Units  Scaling 

xxx_l  0+  9.2593  k * Voltage  (g's  pk) 
NES_2  0 + 9.6154  k * Voltage  (g’s  pk) 
NES_3  0+  10  526  k ‘Voltage  (g’s  pk) 
NES_4  0+  10.000  k -Voltage  (g’s  pk) 
NES_5  0 + 9.4340  k * Voltage  (g’s  pk) 

NES_6  0 +■  9.3458  k * Voltage  (g’s  pk) 

NES_7  0 + 9.5238  k ‘ Voltage  (g’s  pk) 

NES_8  0 + 9.4340  k * Voltage  (g’s  pk) 

XXX_9  0 9.2593  k * Voltage  (g's  pk) 

NES_10  0 4-  9.3458  k ‘ Voltage  (g's  pk) 


33.00  k Off 
33.00  k Basic 
33.00  k Basic 
33.00  k Basic 
33.00  k Basic 
33.00  k Basic 
33.00  k Basic 
33.00  k Off 
33.00  k Off 
33.00  k Off 
33.00  k Off 

33.00  k Off 

33.00  k Off 

33.00  k Off 
33.00  k Off 
33.00  k Off 
33.00  k Off 
33.00  k Off 
33.00  k Off 
33.00  k Off 
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NES_1 1 0 + 9.0000  k * Voltage  (tfs  pk) 

NES_12  0 + 9.4340  k "Voltage  (g's  pk) 

NES_f  3 0 + 9.2593  k * Voltage  (g's  pk) 

NESJ4  0 + 9.0909  k * Voltage  (g's  pk) 

NESJ5  0+  8.9286  k ‘Voltage  (g's  pk) 

ROC_1 6 0 + 9.2693  k * Voltage  (g’s  pk) 

ROC_17  0 + 9.2593  k * Voltage  (g’s  pk) 

ROCJ8  0 + 9.2593  k * Voltage  (g’s  pk) 

ROCJI9  Of  9.2593  k ‘Voltage  (g's  pk) 

ROC_20  0 + 9.2593  k * Voltage  (g's  pk) 

Trigger  Settings : 

Auto  Trigger  Off 
External  Trigger:  Off 

Nr.  Source  Prim.  Sec.  Units  Holdoff  Width  Events 


1 XXX  1 

256 

1 

1 

2 NES  2 507.1 

g's  pk  256 

1 

1 

3 NES  3 493.4 

g'spk  256 

1 

1 

4 NES  4 468.8 

g’spk  256 

1 

1 

5 NES  5 497.5 

g’spk  256 

1 

1 

6 NES  6 492.8 

g’spk  256 

1 

1 

7 NES  7 502.2 

g’spk  256 

1 

1 

8 NES  8 

256 

1 

1 

9 XXX  9 

256 

1 

1 

10  NES  10 

256 

1 

1 

11  NES  11 

256 

1 

1 

12  NES  12 

256 

1 

1 

13  NES  13 

256 

1 

1 

14  NES  14 

256 

1 

1 

15  NES  15 

256 

1 

1 

16  ROC  16 

256 

1 

1 

17  ROC  17 

256 

1 

1 

18  ROC  18 

256 

1 

1 

19  ROC  19 

256 

1 

1 

20  ROC  20 

256 

1 

1 
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TEAM 256  SETTINGS 

Date:  12-18-2014 
Time:  14:58:48 


Ip?t$  z-7 


GLOBAL  SETTINGS  - 

Storage  Path.  C:\TEAMPRO 
Filename:  Data 

File  Number:  001 

Settings  Path:  C:\TEAM256 
Settings  File:  NES05.SET 

Export  Path:  D:\ATEST\NESC_2\NEST05\RAWDAT-1 

Export  Format:  FAMOS 
Average  Blocks:  No 
Between  Cursors:  No 


RECORDER  SETTINGS  - 


BE1 

Frequency  A 
Pre  Trigger: 

Segment  A : 

Number  of  Blocks 
Digital  Event  Channels : 
Analog  Channels : 

Nr.  Name  Min  Max 


1.0000  MHz(lnternal) 

48000  Samples  (48.00  ms) 

1000576  Samples  (1.001  s) 

1 

0 

Units  Coup.  Amp.  Filter  Trigger 


1 XXX_1  -55.56  55.56  kg's  pk  GND  + 33.00  k Off 

2 NES_2  -28.85  2B.B5  kg's  pk  DC  ♦ 33.00  k Basic 

3 NES_3  -31.58  31.58  kg's  pk  DC  + 33.00  k Basic 

4 NES4  -30.00  30.00  kg's  pk  DC  + 33.00  k Basic 

5 NES_5  -27.78  27.78  kg's  pk  DC  + 33.00  k Basic 

6 NES_6  -28.04  28.04  kg’s  pk  DC  + 33.00  k Basic 

7 NES_7  -28.57  28.57  kg's  pk  DC  + 33.00  k Basic 

8 NES_8  -28.30  28.30  kg's  pk  DC  ♦ 33.00  k Off 

9 XXX_9  -55.56  55  56  kg's  pk  GND  + 33.00  k Off 

10  NES_10 -28.04  28.04  kg's  pk  DC  + 33.00  k Off 

11  NES_1 1-27.03  27.03  kg's  pk  DC  + 33.00  k Off 

12  NES_12  -28.30  28.30  kg's  pk  DC  + 33.00  k Off 

13  NESJI3  -27.78  27.78  kg's  pk  DC  + 33.00  k Off 

14  NES_14 -27.27  27.27  kg's  pk  DC  33.00  k Off 

15  NES_15  -8.929  8.929  kg’s  pk  DC  + 33.00  k Off 

16  ROC_16  -55.56  55.56  kg's  pk  DC  + 33.00  k Off 

17  ROC_17  -55.56  55.56  kg's  pk  DC  + 33.00  k Off 

18  ROCJ8  -55.56  55.56  kg’s  pk  DC  + 33.00  k Off 

19  ROC_19  -55.56  55.56  kg's  pk  DC  * 33.00  k Off 

20  ROC_20  -55.56  55.56  kg’s  pk  DC  + 33.00  k Off 

Engineering  Units  Scaling 

XXX_1  0 ♦ 9.2593  k * Voltage  (g's  pk) 

NES_2  0 + 9.6154  k * Voltage  (g's  pk) 

NES_3  0+  10.526  k*  Voltage  (g's  pk) 

NES_4  0+  10.000  k*  Voltage  (g's  pk) 

NES_5  0+  9.2593  k * Voltage  (g's  pk) 

NES_6  0 + 9.3458  k*  Voltage  (g’s  pk) 

NESJ7  0+  9.5238  k*  Voltage  (g's  pk) 

NES_8  0+  9.4340  k*  Voltage  (g's  pk) 

XXX_9  0 + 9.2593  k * Voltage  (g's  pk) 

NES_10  0 + 9.3458  k * Voltage  (g's  pk) 
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NES_1 1 0 + 9.0000  k * Voltage  (g’s  pk) 

NES_12  0 + 9.4340  k * Voltage  (g's  pk) 

NE$_13  0 + 9.2593  k * Voltage  (g’s  pk) 

NES_14  0 + 9.0909  k * Voltage  (g’s  pk) 

NES_15  0 + 8.9286  k * Voltage  (g’s  pk) 

ROC_16  0 + 9.2593  k * Voltage  (g's  pk) 

ROC_17  0 + 9.2593  k * Voltage  (g's  pk) 

ROCJ8  0 + 9.2593  k # Voltage  (g's  pk) 

ROC_1 9 0 9.2593  k • Voltage  (g's  pk) 

ROC_20  0 + 9.2593  k * Voltage  (g's  pk) 

T rigger  Settings  : 

Auto  Trigger:  Off 

External  Trigger.  Off 

Nr.  Source  Prim.  Sec.  Units  Holdoff  Width  Events 


1 XXX  1 

256 

1 

1 

2 NES  2 507.1 

g'spk  256 

1 

1 

3 NES  3 493.4 

g'spk  256 

1 

1 

4 NES  4 468.8 

g'spk  256 

1 

1 

5 NES  5 488  3 

g's  pk  256 

1 

1 

6 NES  0 492.8 

g’s  pk  256 

1 

1 

7 NES  7 502.2 

g's  pk  256 

1 

1 

8 NES  8 

256 

1 

1 

9 XXX  9 

256 

1 

1 

10  NES  10 

256 

1 

1 

11  NES  11 

256 

1 

1 

12  NES  12 

256 

1 

1 

13  NES  13 

256 

1 

1 

14  NES  14 

256 

1 

1 

15  NES  15 

256 

1 

1 

16  ROC  16 

256 

1 

1 

17  ROC  17 

256 

1 

1 

18  ROC  18 

256 

1 

1 

19  ROC  19 

256 

1 

1 

20  ROC  20 

256 

1 

1 
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Res*  to  Attn  of:  ET40-I5-005 
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FROM: 

SUBJECT: 

REF: 


EV32/David  O.  Ordway 
ET40/Timotliy  C.  Driskill 

Composite  Materials  Pvroshock  Development  Test,  Group  1 - Tests  06  to  10, 
NESC-DEV- 1 3-01 5 

ED73.1 


The  solid  composite  panel  test  articles  were  tested  in  the  ET40  Pyrotechnic  Shock  Facility, 
building  461 9,  room  170.  Testing  was  completed  on  May  29, 2013.  The  test  was  run  in 
accordance  with  Test  and  Checkout  Procedure,  (TCP)  NESC-DEV- 1 3-015.  Five  tests  were  run 
on  5 different  solid  composite  panels. 

The  accelerometer  test  setup  is  shown  in  appendix  A of  the  TCP  and  in  the  photographs  section 
of  this  report.  No  visual  damage  to  the  test  articles  was  noted. 

Please  direct  any  questions  or  comments  regarding  this  test  to  Mr.  Craig  Garrison  at  (256)  544- 
7197  or  craig.garrison@nasa.gov. 


timothy  C.  Driskill 
Branch  Chief 

Structural  Dynamics  Test  Branch 
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Test  Matrix  As  Run 

Test 

Date 

Panel  ID 

Test  ID 

6 

5/8/2013 

0326A006 

Group  1 - Test  06 

7 

5/9/2013 

0320A007 

Group  1 - Test  07 

8 

5/16/2013 

0326A008 

Group  1 - Test  08 

9 

5/17/2013 

0326A009 

Group  1 - Test  09 

10 

5/29/2013 

0326A0010 

Group  1 - Test  10 
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Accelerometers 


Location 

Test  6 

Test  7 & 9 

Test  8 & 10 

Set  1 Accels 

Set  2 Accels 

Model 

Serial 

Model 

Serial 

Model 

Serial 

1 

350C02 

31334 

350C02 

31334 

350D02 

43026 

2 

350C02 

31340 

350002 

43026 

350C02 

31340 

3 

350C02 

31338 

350D02 

43028 

350C02 

31338 

4 

350C02 

31331 

350C02 

31331 

350D02 

43028 

5 

350C02 

31328 

350C02 

31328 

350  D02 

43029 

6 

350C02 

31333 

350D02 

43029 

350C02 

31333 

7 

350C02 

40292 

350D02 

43179 

350C02 

40292 

8 

350C02 

31351 

350C02 

31351 

350  D02 

43179 

9 

350C02 

31330 

350C02 

31330 

350D02 

43180 

10 

350C02 

40295 

350D02 

43180 

350C02 

40295 

11 

350C02 

31336 

350D02 

43181 

350C02 

31336 

12 

350C02 

40274 

350C02 

40274 

350D02 

43181 

IB 

350B02 

11439 

350B02 

11439 

350B02 

11439 
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NESC-DEV-134H5 
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1.0  INTRODUCTION 


1.1  PURPOSE 

The  purpose  of  this  procedure  is  to  define  the  steps  necessary  to  perform  a pyrotechnic 
shock  test  in  the  Pyrotechnic  Shock  Facility  in  Building  4619  using  pyrotechnic 
devices. 

Test  Matrix  Test  Articles:  3-x6*  solid  composite  panel  with  LSC  plate  and  ESC  backing 
plate.  The  5 test  articles  of  the  test  matrix  arc  described  in  test  plan.  Table  111.  Group  1. 
tests  6 to  10. 

Program:  NESC  Type  of  Test:  Pyrotechnic  Shock  Development  Test 

Test  Purpose:  To  capture  the  acceleration  time  histories  for  group  1 - Test  6 to  1 0 tests. 

The  Pyrotechnic  Shock  Facility  is  located  in  Rooms  170,  170A  and  170B  of  Building 
4619.  Room  170A  is  designated  as  the  Control  Room.  The  area  between  Room  169 
and  1 70  is  used  for  storage  of  secondary  pyrotechnic  devices.  Room  1 70B  is  used  for 
storage  of  initiators.  All  detonation  of  pyrotechnic  devices  will  be  in  Room  170. 

1.2  SCOPE 

This  document  contains  the  steps  and/or  references  the  procedure  to  conduct  the  test. 

2.0  SAFETY 

Follow  all  emergency  and  safety  requirements  specified  in  ETOl-DYN-SHK-FOP-OOl. 

2.1  Responsibilities 

The  Test  Engineer  will  be  responsible  for  all  activities  occurring  in  the  hazardous  test 
area  and  for  the  safety  of  personnel  involved  in  the  test  activities.  It  is  the  responsibility 
of  each  individual  in  a test  program  to  fully  comply  with  the  requirements  of  this 
document  and  to  report  any  individual  not  complying.  Failure  to  do  so  could  lead  to 
serious  personnel  injuries  or  death. 

3.0  TEST  REQUIREMENTS  AND  INFORMATION 

3.1  DOCUMENTS 

3.1.1  APPLICABLE  DOCUMENTS 

Test  Requirements:  Pvroshock  Response  Characterization  of  Composite  Materials  Test 
Plan  Revision  A,  NESC  Task  # TI- 12-0783  (SLS  ADO-21),  11/8/2012 

Test  Procedure:  ETOl-DYN-SHK-FOP-OOl  Pyrotechnic  Shock  Tests 
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97M00200-GRP  I-TEST 6-10  COMPOSITE  TEST  PANEL,  GROUP  I,  TEST  #6-*l0 
97M00202  LSC  BACKING  PLATE,  COMPOSITE  TEST  PANEL  PATHFINDER 
97M00203-MOD  LSC  PLATE,  COMPOSITE  TEST  PANEL  PATHFINDER 
97M00204-MOD-2- 1 0 LSC  SHIM,  COMPOSITE  TEST  PANEL  10  GPF  LSC 
97M00204-MOD-2-22  LSC  SHIM,  COMPOSITE  TEST  PANEL  22  GPF  LSC 

3.1.2  REFERENCED  DOCUMENTS 
ETOl-DYN-OWI-OOl  Documentation  Control 

ET0 1 -DYN-OW 1-002  Test  Operation  Procedure  Preparation  and  Change  Control 

3.2  TEST  INFORMATION 

3.2.1  The  instrumentation  locations  are  given  in  the  drawings  listed  in  the  applicable 
documents  and  appendix  A for  the  test. 

3.2.2  Pyrotechnic  shock,  tests  may  be  performed  on  the  test  article  in  the  order  and 
configuration  directed  by  the  test  requester. 

3 .2.3  The  shock  test  will  be  performed  on  a room  temperature  test  article. 

3.3  TEST  REQUIREMENTS 

3.3.1  The  Test  Engineer  will  be  in  charge  of  all  test  preparations  and  activities. 

3.3.2  All  activities  will  be  coordinated  with  the  Test  Engineer. 

3.3.3  All  changes  to  the  procedure  will  be  coordinated  with  the  Test  Engineer. 

3.3.4  The  development  test  articles  will  be  tested  with  pyrotechnic  shock  test  runs  as  directed 
by  the  test  requester.  The  test  article  information  will  be  recorded  in  this  TCP. 

4.0  TEST  DATA 

a.  The  test  data  includes  a time  history  of  the  real  time  shock  recorded  over  a 20 
millisecond  or  longer  interval  and  the  units  arc  g's  peak  versus  time. 

b.  The  second  plot  is  a Shock  Response  Spectrum  (SRS)  using  5%  damping  and  a 
1/6  octave  shock  spectrum  analyzer.  The  SRS  is  computed  over  the  frequency 
band  from  50  to  10,000  Hertz.  The  SRS  units  arc  g’s  versus  frequency. 

c.  The  data  will  he  acquired  on  a Nicolet  BE256LE  data  acquisition  system  and  the 
SRS  analysis  will  be  performed  using  a personal  computer  and  the  Shock 
Analysis  Tool  Analysis  Software. 

d.  Sample  rate  of  I million  samples  per  second  will  be  used  for  response  from  the 
accelerometers. 
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5.0  TEST  SETUP 

5.1  TEST  ARTICLE  AND  SHOCK  PLATE  SETUP 

a.  The  test  setup  is  shown  in  Appendix  A. 

b.  Suspend  the  shock  plate  from  ceiling  using  straps  or  cables  and  shackles. 

c.  Suspend  I accelerometer  near  the  plate.  Connect  to  data  system  for  recording. 

d.  At  the  start  of  each  test  day,  complete  ETO 1 -DYN-SHK-FOP-OO I , section  6. 

6.0  TEST  OPERATION 

6. 1 COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 

a.  Record  and  verify  the  test  information  below  and  in  appendix  C. 

Group  I - Test  No.;  6 Date:  Test  Article  Desc.:  1M7/  TC350  Solid 

Composite  Panel,  see  appendix  B for  plv  lavup.  3,x6'x0.2"  PIP# 

Shock  Source  LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  A1 
Actual  Length  Used:  

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5. 1 . 

c.  Instrument  shock  plate.  Each  accelerometer's  torque  will  be  to  30±5  in.-lb. 

Torque  wrench:  7*3  Torque  value:  Jo  Due:  Cal.: 

d.  LSC  plate  & LSC  backer  plate  to  Test  Panel  Vz~\ 3 bolt’s  torque  to  55±5  ft-lb. 

Torque  wrench Torque  value:  $S_  Due:  V-2WJ Cal : 3 - ' V- 2* /3 

e.  D-ring  Vr- 13  bolt’s  torque  to  28  ft-lb. 

Torque  wrench:  Torque  value:  Jiff  Due:  Cal: 

f.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

g.  Perform  the  test  per  sections  7,  8,  and  9 of  ETO  I -DYN-S1 IK-FOP-OO I . 

h.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  C. 

i.  Verify  that  the  test  run  has  been  completed.  ^ (A& 
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6.2  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 


a.  Record  and  verify  the  test  information  below  and  in  appendix  C. 

Group  I - Test  No.:  7 Date:  3 Test  Article  Desc.:  IM7/  TC350  Solid 

Composite  Panel,  see  appendix  B for  ply  lavup.  3’x6’x0,2"  PIP#  032,0  Atv  7 
Shock  Source  LSC  Core  Ix>ad:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  Aj 
Actual  Length  Used:  H1 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5.1. 

c.  Instrument  shock  plate.  Each  accelerometer’s  torque  will  be  to  30±5  in.-lb. 

Torque  wrench:  7# 3 Torque  value:  J0_  Due:  lo-g-lmQ  Cal.:*f^*^/J 

d.  LSC  plate  & LSC  backer  plate  to  Test  Panel  V^-l 3 bolt’s  torque  to  55±5  ft-lb. 

Torque  wTeneh:  Torque  value:  Due: Cal:  3-*j-  W3 

e.  D-ring  l/a-13  bolt’s  torque  to  28  ft-lb. 

Torque  wrench :/ty£/o 7*/*?  Torque  value:  AS  Pue:ViH3  Cal: 

f.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

g.  Perform  the  test  per  sections  7,  8,  and  9 of  ETOl-DYN-SHK-FOP-OOl. 

h.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  C. 

i.  Verify  that  the  test  run  has  been  completed. 

6.3  START  OF  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 

a.  Record  and  verify  the  test  information  below  and  in  appendix  C. 

Group  1 - Test  No.:  8 Date:  Test  Article  Desc.:  1M7/  TC350  Solid 

Composite  Panel,  sec  appendix  B for  ply  lavup.  .Vx6  x0.3”  PIP#  <2>32(,  AaibS 
Shock  Source  LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  A1 
Actual  Length  Used:  ' 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5. 1 . 

c.  Instrument  shock  plate.  Each  accelerometer’s  torque  will  be  to  3Q±5  in.-lb. 

Torque  wrench:  (*\($$S  7£3  Torque  value:  30  Due:  3 Cal.: 

d.  LSC  plate  & LSC  backer  plate  to  Test  Panel  ‘/a- 13  bolt’s  torque  to  55±5  ft-lb. 

Torque  wrench  V>74  £#3  70  Torque  value:  55_  Due:lO-g-3d3Cal:  U-f-AolJ 

e.  D-ring  '/a- 13  bolt’s  torque  to  28  ft-lb. 

Torque  wrench:  37C>  Torque  value:  AS  Due:  /o-f-13  Cal:  M- 3 

f.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

g.  Perform  the  test  per  sections  7,  8,  and  9 of  ETOl-DYN-SHK-FOP-OOl . 

h.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  C. 

i.  Verify  that  the  test  run  has  been  completed. 

5-/6-*>t3 
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6.4 


START  OF  THE  COMPOSITE  MA  TERIALS  PYROSHOCK  DEV.  TEST 


a.  Record  and  verify  the  test  information  below  and  in  appendix  C. 

Group  1 - Test  No.:  2 Date:  5~l7-2oi3  l est  Article  Desc.:  1M7/  TC350  Solid 
Composite  Panel,  see  appendix  B for  ply  lavup.  3*x6’x0.3”  PID#  ( 7>32C  #00*1 
Shock  Source  LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6  Sheath:  A! 
Actual  Length  Used:  kj ' 

b.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5.1 . 

c.  Instrument  shock  plate.  Each  accelerometer’s  torque  will  be  to  30±5  in.-lb. 

Torque  wrench:  _ Torque  value:  Due:tfr-«f-fr/3  Cal.:  q-H- 

d.  LSC  plate  & LSC  backer  plate  to  Test  Panel  lA- 13  bolt’s  torque  to  55±5  ft-lb. 

Torque  wrench:  Torque  value:  5$^  Due:  /Q-fri+aCal:  q-g-^/3 

e.  D-ring  '/*-13  bolt’s  torque  to  28  ft-lb. 

Torque  wrench  Torque  value:  2?  Due:/o-g-/J  Cal:  H- 

f.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

g.  Perform  the  test  per  sections  7,  8,  and  9 of  ETOl-DYN-SHK-FOP-OOl. 

h.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 
visually  inspected  observations  under  this  test  number  in  appendix  C. 

i.  Verity  that  the  test  run  has  been  completed. 

5-n-ioiJ 

6.5  START  OF  THE  COMPOSITE  MATERIALS  PYROSHOCK  DEV.  TEST 


j.  Record  and  verify  the  test  information  below  and  in  appendix  C. 

Group  1 - Test  No.:  K)  Date:  Test  Article  Desc.:  1M7/  TC350  Solid 

Composite  Panel,  see  appendix  B for  ply  lavup.  3’x6’x0.2"  PIP #{&32C,A&  ( 0 
Shock  Source  LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX  Sheath:  A] 
Actual  Length  Used:  

k.  Verify  that  the  shock  plate  is  ready  for  testing  per  section  5.1. 

l.  Instrument  shock  plate.  Each  accelerometer’s  torque  will  be  to  30±5  in.-lb. 

Torque  wrench:  ffj&SS  1&3  Torque  value:  30  Due:  3 Cal.:  H- q-ac/3 

m.  LSC  plate  & LSC  backer  plate  to  Test  Panel  '/a- 13  bolt’s  torque  to  55±5  ft-lb. 

Torque  wrench: Torque  value:  Due:/fl»frfrjjCal:  H-  f-*>i 3 

n.  D-ring  VS- 1 3 bolt’s  torque  to  28  ft-lb. 

Torque  wrench Torque  value:  ZS  Due:/o-y-/ 3 Cal 

o.  Photograph  the  locations  and  orientations  of  all  accelerometers. 

p.  Perform  the  test  per  sections  7,  8,  and  9 of  ETOl-DYN-SHK-FOP-OOl . 

q.  Photograph  the  test  setup  after  the  test.  Photograph  and  document  any  post-test 

visually  inspected  observations  under  this  test  number  in  appendix  C.  s 

r.  Verify  that  the  test  run  has  been  completed.  ^ 
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7.0  RECORDS 

The  test  report  for  this  test  will  control  and  include  the  following  records: 

a.  This  “AS  RUN“  TCP. 

b.  The  test  data  and  the  equipment  list. 

The  test  report  is  controlled  by  ET01  -DYN-OWI-OOl,  Documentation  Control. 
However,  due  to  the  ITAR  designation  for  the  test  results,  the  test  report  and  data  will 
be  securely  controlled.  The  test  report  will  be  available  no  later  than  30  days  after  test 
completion.  The  Test  Requirements  will  not  be  included  in  this  TCP  or  in  the  report, 
but  a copy  may  be  filed  with  the  report  for  future  reference. 

8.0  TOOLS.  EQUIPMENT.  AND  MATERIALS 

The  equipment  used  during  this  test  will  be  listed  in  a table  as  part  of  the  test  report. 
The  list  will  include  test  equipment  calibration  due  dates. 

9.0  PERSONNEL  TRAINING  AND  CERTIFICATION 

Personnel  certified  as  Propellant  and  Explosive  Handler  are  required  to  conduct  this 
test. 


POST-TEST  VERIFICATION 

The  Test  and  Check-out  Procedure  NESC-DEV-13-015  has  been  satisfactorily  completed  and 
documented. 



Test  Engineer  / ET40  Date 
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Group  I Tests  #6-#10  Ply  Layup 


pb» 

pa  orl  6 

panel  7 

panel  8 

panel  9 

panel  10 

Thickness 

(inches) 

0.2 

0.2 

0J 

0J 

0.2 

l>P* 

Fabric 

Fabric 

1 ahru 

Tape 

Tape 

n 

0 

45 

45 

45 

45 

2 

0 

-45 

-45 

45 

45 

, 3 

0 

0 

" 

0 

0 

4 

0 

0 

0 

0 

0 

5 

0 

45 

45 

45 

45 

6 

0 

-45 

45 

45 

45 

7 

0 

90 

90 

90 

90 

8 

0 

90 

90 

90 

90 

9 

0 

0 

45 

45 

45 

10 

0 

0 

-45 

45 

45 

II 

0 

90 

0 

0 

0 

12 

0 

90 

0 

0 

0 

13 

0 

-45 

45 

45 

45 

14 

0 

45 

0 

45 

45 

15 

0 

0 

45 

90 

90 

14 

0 

0 

0 

90 

90 

17 

0 

-45 

0 

45 

45 

18 

0 

45 

-45 

45 

45 

19 

45 

0 

0 

20 

90 

0 

0 

21 

90 

45 

45 

22 

-45 

-45 

45 

23 

45 

90 

90 

24 

0 

90 

90 

25 

0 

45 

26 

45 

45 

45 

27 

415 

0 

0 

28 

0 

0 

29 

45 

45 

30 

45 

45 

31 

90 

90 

32 

90 

90 

33 

-45 

45 

34 

45 

45 

35 

0 

0 

36 

0 

0 

37 

45 

-45 

HJ8 

45 

45 

39 

90 

40 

90 

41 

45 

42 

45 

43 

0 

44 

0 

45 

45 

46 

45 

47 

90 

48 

90 

49 

-45 

50 

45 

51 

0 

52 

0 

53 

45 

54 

45 

58  of  210 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  642  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


F.T40  / Vibration,  Acoustic*,  and  Shock  1 cam 

C ompositc  Material*  Pvroshock  Development  lest 
Group  1 - Test*  6 to  10 

NESC-DEV-13-015 

Revision:  Baseline 

Date:  3/14/2013 

PaKe  12  of  15 

APPENDIX  C 


TEST  DATA  SHEET 


59  of  210 


NESC  Request  No.:  TI-12-00783 


Version: 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  643  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


ET40  / Vibration.  Acoustics  and  Shock  Team 

Composite  Materials  Pyroshock  Development  Test 
Group  I -Tests  6 to  10 
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Revision:  Baseline 
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Pave  13  of  15 

TEST  DATA  SHEET 

Group:  I - Test  No.:  6 Date:  S'  3 Test  Article  Desc.:  1M7/TC350  Solid  Composite  Panel, 
see  appendix  B for  ply  layup.  3\6,x0.2" 

Test  Article  Configuration:  hanging 

Test  Article  Drawing  #:  97M00200-GRP  1-TEST  6 Material:  1M7/TC350  PI DUG>32(*Ae>i>(o 
Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
l est  Article  Drawing  #:  97M00203-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00204-MQD-2-22  Material:  Aluminum  S/N:  Pathfinder 
Shock  Source:  LSC  L/N:  ntot,  LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6 

Sheath:  Aluminum  Actual  Length  Used:  M* 

Accelerometer  MFG:  PC  B Model:  35QXXX 


Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

Loc. 

Model 

S/N 
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3I33H 
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3131 D 
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3\3>t 

f 4 
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31331 
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31  fit 
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3/3$l 
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Ho  1-1$ 
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3!33<r 
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13 

B02 

i 

Aluminum  LSC  panel  severance:  (CYesy  No  ) 

Post-test  visually  inspected  observations:  A)b  loose  <ac<r*ij.  or- 


Group:  I - Test  No.:  7 Date:  Test  Article  Desc.:  1M7/TC350  Solid  Composite  Panel. 


see  appendix  B. tor  ply  layup,  3’x.6;x0,2.: 

Test  Article  Configuration:  hanging 

Test  Article  Drawing#:  97M00200-GRP  l-TEST  7 Material:  IM7/TC350  PIP#  03>2  0/f  Q&7 
Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97MQ0203-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00204-MQD-2-22  Material:  Aluminum  S/N:  Pathfinder 
Shock  Source:  LSC  L/N:  LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6 

Sheath:  Aluminum  Actual  Length  Used:  H* 


Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

Loc. 

Model 
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<4301$ 
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3I>3) 
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3/31? 
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D02 

7 

D02 

<3  3 m 
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C02 

3US) 
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C02 

3133  o 

10 

D02 

H3ISD 

11 

D02 

H31SI 
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•Hojll 

13 

B02 

JlM3± 

1 

1 

niuimiiviiii  ljuv  punvi  jvtviuiivv.  \ V / 

Post-test  visually  inspected  observations:  A^o  Uom  hnl-Uar  emft  Al  io 

i*- Ik  ifiStrt  K sf on, _ 
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TEST  DATA  SHEET,  cont. 


Group:  I - Test  No.:  8 Date:  S^JL  Test  Article  Desc.:  1M7/TC350  Solid  Composite  Panel, 
sec  appendix  B for  plv  layup.  3'x6*x0,3v 
Test  Article  Configuration:  hanging 

Test  Article  Drawing  U:  97M00200-GRP  I-TEST  8 Material:  IM7/TC3S0  PID# 

Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00203-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M002Q4-MQD-2- 1 0 Material:  Aluminum  S/N:  Pathfinder 
Shock  Source:  LSC  L/N:  none  LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX 

Sheath:  Aluminum  Actual  Length  Used:  4* 

Accelerometer  MFG:  PCB  Model:  350XXX 


Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

Loc. 

Model 

S/N 
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H30XU 
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3/3*/  0 
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‘43011 
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3 1 W 
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11 
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V3/f  / 

13 

B02 

turn 

Aluminum  LSC  panel  severance:  (CVes>  No  ) 

Post-test  visually  inspected  observations:  ^ 


Group:  I - Test  No.:  9 Date:  3 Test  Article  Desc.:  IM7/TC350  Solid  Composite  Panel, 

see  appendix  B for  plv  lavup,  3,x6’x0.3'* 

Test  Article  Configuration:  hanging 

Test  Article  Drawing  tf : 97M00200-GRP  1-TEST  9 Material:  1M7/TC350  PIP# 

Test  Article  Drawing  #:  97M00202  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00203-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00204-MQD-2-22  Material:  Aluminum  S/N:  Pathfinder 
Shock  Source:  LSC  L/N:  LSC  Core  Load:  22  GR/FT  Explosive  Material:  CH-6 


Sheath:  Aluminum  Actual  Length  Used:  4* 

Accelerometer  MFG:  PCB  Model:  330XXX 


Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

1 
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3I33H 

2 

D02 

V01  (. 

3 
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4 
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5 
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21 3 It 

6 
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HJoil 

7 
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3 1351 
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10 
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11 

D02 
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Jl*/37 

Aluminum  LSC  panel  severance:  CYes)/  No  ) 


Post-test  visually  inspected  observations:  AJo 
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TEST  DATA  SHEET,  cont. 


Group:  I - Test  No.:  _[fl  Date:  S-H-ZoU  Test  Article  Desc.:  IM7/TC350  Solid  Composite  Panel, 
see  appendix  B for  ply  layup.  3’x6,x0.2” 

Test  Article  Configuration:  hanging 

Test  Article  Drawing  #:  97M00200-GRP  l-TLST  10  Material:  1M7/TC350  PIP#  03 2(^9 It 
Test  Article  Drawing  #:  97MQQ2Q2  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00203-MQD  Material:  Aluminum  S/N:  Pathfinder 
Test  Article  Drawing  #:  97M00204-MQD-2- 1 0 Material:  Aluminum  S/N:  Pathfinder 
Shock  Source:  LSC  L/N:  none  LSC  Core  Load:  10  GR/FT  Explosive  Material:  RDX 
Sheath:  Aluminum  Actual  Length  Used:  1/7 


Accelerometer  MFG:  PCB  Model:  350XXX 


Loc. 

Model 

S/N 

Loc. 

Model 

sv 

Loc. 

Model 

S/N 

Loc. 

Model 

S/N 

1 

D02 

qipUo 
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3L3H  o 
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3I3?S 
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10 
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11 
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H3  /Zl 

13 

B02 

Jims. 

Aluminum  LSC  panel  severance:  (^e^/No  ) 

Post-test  visually  inspected  observations:  bsl+r  or  nce*fs. 
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Equipment  List 

Description 

Manufacturer 

|Mocel/Version 

| ID/Serial  Number 

|Locatior 

|Cal  Due  Date 

Shock  Analysis  Tool 

CT40 

1.2.5 

Venfied  5/21/2009 

TCAM256 

Nicolct 

7 20 

Verified  7/26/2012 

Torcue  Wrnnrh 

Proto 

6066 C 

M65R386 

10/8/2013 

Torcue  Wrench 

Precisior  Instruments 

44620 

M658783 

10/4/2013 

Power  SLpply 

Encevco 

2793 

M652262 

1/10/2014 

Date  Acquisition  System 

Nicolct 

BE256LE 

2011288 

Charnels 2 8. 10  15 

8/6/2014 

Channel  2 

Nicolet 

614CB 

001  2 

A1 

8/6/2014 

Channel.* 

Nicolet 

614CD 

001-3 

A2 

8/6/2014 

Channel  4 

Nicolet 

614CB 

001-4 

A3 

8/6/2014 

Channel  5 

Nicolct 

614CB 

002  1 

A4 

8/6/2014 

Channel  6 

Nicolet 

614CD 

002  2 

A5 

8/6/2014 

Channel  7 

Nicolct 

614CB 

002  3 

A6 

8/6/2014 

Channels 

Nicolet 

614CD 

002  4 

A7 

8/6/2014 

Channel  10 

Nicolet 

614CD 

003-2 

A8 

8/6/2014 

Channel  LI 

Nicolet 

614CB 

003-3 

AD 

8/6/2014 

Channel  12 

Nicolct 

614CB 

003  4 

A10 

8/6/2014 

Channel  13 

Nicolet 

614CD 

004  1 

All 

8/6/2014 

Channel  14 

Nicolet 

614CD 

004  2 

A12 

8/6/2014 

Channel  15 

Nicolet 

614CB 

004-3 

A13 

8/6/2014 

Accelerometer 

PCB 

350C02 

31334 

Set  1 A1  (tests  6.  7 & 9) 

4/23/2014 

Accelerometer 

PCD 

350D02 

43026 

5ct  1 A2  (tests  7 & 9) 

4/23/2014 

Accelerometer 

PCD 

350D02 

41028 

Set  1 A3  (tests  7 8 9) 

4/23/2014 

Accelerometer 

PCD 

350C02 

31331 

Set  1 A4  (tests  6.  7 & 9) 

1/22/2015 

Accelerometer 

PCD 

350002 

11328 

Set  1 A5  (tests  6.  7 8 9) 

4/24/2014 

Accelerometer 

PCD 

350D02 

43029 

Set  1 A6  (tests  7 8 9J 

4/23/2014 

Accelerometer 

PCB 

350D02 

43179 

Set  1 A7  (tests  7 & 9) 

4/22/2014 

Accelerometer 

PCD 

350C02 

3135L 

5ct  1 A8  (tests  6.  7 & 9) 

6/5/2015 

Accelerometer 

PCD 

350002 

11310 

Set  1 A9  (tests  6.  7 8 8) 

4/24/2014 

Accelerometer 

PCD 

350D02 

43180 

Set  1 A10  (tests  7 8 9) 

4/23/2014 

Accelerometer 

PCB 

350D02 

43181 

Set  1 All  (tests  7 & 9) 

4/23/2014 

Accelerometer 

PCD 

350002 

40274 

Set  1 A12  (tests  6, 7 & 9) 

6/5/2015 

Accelerometer 

PCD 

350002 

41026 

Set  2 A1  (tests  R 8 10} 

1/22/2015 

Accelerometer 

PCD 

350002 

.11340 

Set  2 A2  (tests  8 8 10} 

4/23/2014 

Accelerometer 

PCD 

350002 

11318 

Set  2 A3  (tests  6.  8 8 10) 

4/24/2014 

Accelerometer 

PCD 

350D02 

41028 

Set  2 A4  (tests  8 8 10} 

1/22/2015 

Accelerometer 

PCB 

350D02 

43029 

Set  2 A5  (tests  8 & 10) 

4/23/2014 

Accelerometer 

PCB 

350C02 

31333 

5ct  2 A6  (tests  8 & 10} 

4/24/2014 

Accelerometer 

PCB 

350002 

40282 

Set  2 A7  (tests  6.  8 8 10) 

4/24/2014 

Accelerometer 

PCD 

350D02 

41179 

Set  2 A8  (tests  8 8 10} 

1/22/2015 

Accelerometer 

PCB 

350D02 

43180 

Set  2 A9  (tests  8 & 10} 

1/22/2015 

Accelerometer 

PCB 

350C02 

40295 

Set  2 A10  (tests  6,8&10) 

4/24/2014 

Accelerometer 

PCD 

350002 

31336 

Set  2 Ai  1 (tests  6, 8 8 10) 

4/24/2014 

Accelerometer 

PCD 

350D02 

41181 

Set  2 A12  (tests  8 8 10) 

1/22/2015 

Accelerometer 

PC  u 

350002 

11419 

Set  1 anc  2 A13  (all  tests) 

4/28/2014 

Accelerometer 

PCD 

350002 

.11340 

A2  test  6 

4/23/2014 

Accelerometer 

PCD 

350C02 

31333 

A6  test  6 

4/24/2014 
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TEAM256  SETTINGS 

Date:  05-08-2013 
Time:  14:25:17 

*-**-***♦**■**•*++***  + ★*♦*-**  global  settings  ************************* 


Storage  Path: 
Filename: 

File  Number: 
Settings  Path: 
Settings  File: 
Export  Path: 
Export  Format: 
Average  Blocks: 
Between  Cursors: 


C:\TEAMPRO 

Data 

001 

C:\TEAM256 
NES106 . SET 

D : \ ATEST \NESC_3 \NESTl - 0 6 \ RAWDAT-l 

FAMOS 

No 

No 


************+**********  RECORDER  settings  ************* 


■*t*-x**  + * + lr 


BEl 


Frequency  A : 

Pre  Trigger  : 

Segment  A : 

Number  of  Blocks  : 
Digital  Event  Channels 
Analog  Channels  : 


1.0000  MHz (Internal) 

48000  Samples  (48.00  ms) 
1000576  Samples  (1.001  s) 

1 

0 


Nr. 

Name 

Min 

Max 

Units 

Coup. 

Amp . 

Filter 

Trigger 

1 

XXX_1 

-55.56 

55.56 

kg ' s 

pk 

GND 

+ 

33.00 

k 

Off 

2 

NES_2 

-28.85 

28.85 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

3 

NES__3 

-31.58 

31.58 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

4 

NES_4 

-30.00 

30.00 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Basic 

5 

NES_5 

-27.78 

27.78 

kg’s 

pk 

DC 

+ 

33.00 

k 

Basic 

6 

NES_6 

-28.04 

28.04 

kg’s 

pk 

DC 

+ 

33.00 

k 

Basic 

7 

NES  7 

-28.57 

28.57 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Basic 

8 

NES_8 

-28.30 

28.30 

kg ' s 

Pk 

DC 

+ 

33.00 

k 

Basic 

9 

XXX_9 

-55.56 

55.56 

kg ' s 

pk 

GND 

+ 

33.00 

k 

Off 

10 

NES  10 

-2B.04 

28.04 

kg ' s 

Pk 

DC 

+ 

33.00 

k 

Off 

11 

NES  11 

-27.03 

27.03 

kg's 

pk 

DC 

♦ 

33.00 

k 

Off 

12 

NES_12 

-28.30 

28.30 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Off 

13 

NES_1 3 

-27.78 

27.78 

kg  ’ s 

pk 

DC 

+ 

33.00 

k 

Off 

14 

NES  14 

-27.27 

27.27 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

15 

NES  15 

-8.929 

8.929 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

16 

ROC_16 

-55.56 

5d.  56 

kg  • s 

pk 

DC 

+ 

33.00 

k 

Off 

17 

ROC_17 

-55.56 

55.56 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

18 

ROC_18 

-55.56 

55.56 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

19 

ROC_19 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

20 

ROC  20 

-55.56 

55.56 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

igineering 
XXX_1  o 

Units  Scaling 
+ 9.2593  k * 

Vol tage 

(g' s 

pk) 

NES  2 

0 

+ 

9.6154 

k 

* 

Voltage 

(g' s 

pk) 

NES_3 

0 

+ 

10.526 

k 

* 

Voltage 

(g's 

pk) 

NES_4 

0 

+ 

10.000 

k 

* 

Voltage 

(g‘  s 

pk) 

NES  5 

0 

+ 

9.2593 

k 

* 

Voltage 

(g' s 

pk) 

NES_6 

0 

+ 

9.3458 

k 

* 

Voltage 

(g1  s 

pk) 

NES_7 

0 

+ 

9.5238 

k 

* 

Voltage 

(g‘  s 

pk) 

NES_8 

0 

+ 

9.4340 

k 

* 

Voltage 

<g ' s 

pk) 

XXX..  9 

0 

+ 

9.2593 

k 

* 

Voltage 

(g ' s 

pk) 

NES_10 

0 

+ 

9.3458 

k 

* 

Voltage 

(g' s 

pk) 

NES_11 

0 

+ 

9.0090 

k 

★ 

Voltage 

(g' s 

pk) 

NES_12 

0 

+ 

9.4340 

k 

* 

Voltage 

(g ' s 

pk) 

NES  13 

0 

+ 

9.2593 

k 

* 

Vol tage 

(g‘  s 

pk) 

NES  14 

0 

+ 

9.0909 

k 

* 

Vol tage 

(g's 

pk) 

NES  15 

0 

+ 

8.9286 

k 

* 

Voltage 

(g' s 

pk) 

ROC_16 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC  17 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC„18 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC_19 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC_20 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

rigger  Settings  : 
Auto  Trigger: 

Off 
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TEAM256  SETTINGS 

Date:  05-09-2013 
Time:  16:03:37 

************************  global  settings  ************************* 


Storage  Path: 
Filename: 

File  Number: 
Settings  Path: 
Settings  File: 
Export  Path : 
Export  Format: 
Average  Blocks: 
Between  Cursors: 


C:\TEAMPRO 

Data 

001 

C:\TEAM256 
NES107 . SET 

D : \ ATEST\NESC_3 \NESTl-07 \RAWDAT~1 

FAMOS 

No 

No 


********** 


*******  RECORDER  SETTINGS  ************************ 


BE1 

Frequency  A : 1.0000  MHz (Internal) 

Pre  Trigger  : 48000  Samples  (48.00  ms) 

Segment  A : 1000576  Samples  (1.001  s) 

Number  of  Blocks  : 1 

Digital  Event  Channels  : 0 

Analog  Channels  : 


Nr. 

Name 

Min 

Max 

Units 

Coup. 

Amp. 

Filter 

Trigger 

1 

XXX  1 

-6.000 

6.000 

kg's 

pk 

GND 

+ 

33.00 

k 

Off 

2 

NES  2 

-28.85 

28.85 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

3 

NES  3 

-30.93 

30.93 

kg's 

Pk 

DC 

+ 

33.00 

k 

Basic 

4 

NES_4 

-31.25 

31.25 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Basic 

5 

NES  5 

-27.78 

27.78 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

6 

NES_6 

-28.04 

28.04 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Basic 

7 

NES_7 

-30.30 

30.30 

kg’s 

pk 

DC 

+ 

33.00 

k 

Basic 

8 

NES_8 

-30.61 

30.61 

kg ' s 

Pk 

DC 

+ 

33.00 

k 

Basic 

9 

XXX  9 

-6.000 

6.000 

kg's 

pk 

GND 

+ 

33.00 

k 

Off 

10 

NES_10 

-28.04 

28.04 

kg’  s 

pk 

DC 

+ 

33.00 

k 

Off 

11 

NES_11 

-27.03 

27.03 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

12 

NES  12 

-31.58 

31.58 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

13 

NES_13 

-30.61 

30.61 

kg  ’ s 

pk 

DC 

+ 

33.00 

k 

Off 

14 

NES_1 4 

-27.27 

27.27 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

15 

NES_15 

-8.929 

8.929 

kg's 

Pk 

DC 

+ 

33.00 

k 

Off 

16 

R0C_1 6 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

17 

ROC  17 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

18 

ROC_l  8 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

19 

ROC  19 

-55.56 

55.56 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

20 

ROC_20 

-55.56 

55.56 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

Engineering 

Units  Scaling 

XXX  1 

0 

+ 

1.0000 

k 

* 

Voltage 

(g's 

pk) 

NES  2 

0 

+ 

9.6154 

k 

* 

Voltage 

(g’s 

pk) 

NES__3 

0 

+ 

10.309 

k 

* 

Voltage 

(g’s 

pk) 

NES_4 

0 

+ 

10.417 

k 

* 

Voltage 

(g's 

pk) 

NES_5 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's  pk) 

NES  6 

0 

+ 

9.3458 

k 

* 

Voltage 

(g’s 

pk) 

NES_7 

0 

+ 

10.101 

k 

* 

Voltage 

(g's  pk) 

NES  8 

0 

+ 

10.204 

k 

* 

Voltage 

(g's 

pk) 

XXX_9 

0 

+ 

1.0000 

k 

* 

Voltage 

(g’s 

pk) 

NES_10 

0 

+ 

9.3458 

k 

* 

Voltage 

(g's 

pk) 

NES  11 

0 

+ 

9.0090 

k 

* 

Voltage 

(g's 

pk) 

NES  12 

0 

+ 

10.526 

k 

* 

Voltage 

(g’s 

pk) 

NES  13 

0 

+ 

10.204 

k 

* 

Voltage 

(g's 

pk) 

NES_14 

0 

-H 

9.0909 

k 

* 

Voltage 

(g's 

pk) 

NES_15 

0 

+ 

8.9286 

k 

* 

Voltage 

(g's 

pk) 

ROC_16 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC  17 

0 

+ 

9.2593 

k 

* 

voltage 

(g’s 

pk) 

ROC„18 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC  19 

0 

9.2593 

k 

* 

Voltage 

(g’s  pk) 

ROC_2  0 0 + 9.2593 

Trigger  Settings  : 

k 

* 

Voltage 

(g's 

pk) 

Auto  Trigger:  Off 


207  of  210 


NESC  Request  No.:  TI-12-00783 


NASA  Engineering  and  Safety  Center 
Technical  Assessment  Report 


Document  #: 

NESC-RP- 

12-00783 


Version: 


1.0 


Title:  Page  #: 

Empirical  Model  Development  for  Predicting  Shock  Response  on  791  of  793 
Composite  Materials  Subjected  to  Pyroshock  Loading 


TEAM256  SETTINGS 


Date:  05-16-2013 
Time:  13:43:37 


************************  global  settings 


*********w**** 


Storage  Path: 
Filename: 

File  Number: 
Settings  Path: 
Settings  File: 
Export  Path: 
Export  Format: 
Average  Blocks: 
Between  Cursors: 


C:\TEAMPRO 

Data 

001 

C:\TEAM256 
NES108 . SET 

D:\ATEST\NESC_3\NESTl-08\RAWDAT~l 

FAMOS 

NO 

Nc 


r + *■*  + *+  **+  + 


RECORDER  SETTINGS 


BE1 

Frequency  A : 

Pre  Trigger  : 

Segment  A : 

Number  of  Blocks  : 
Digital  Event  Channels 
Analog  Channels 


1.0000  MHz (Internal) 

48000  Samples  (48.00  ms) 
1000576  Samples  (1.001  s) 

1 

0 


Nr. 

Name 

Min 

Max 

Units 

Coup. 

Amp . 

Filter 

Trigger 

1 

XXX_1 

-55.56 

55.56 

kg's 

Pk 

GND 

+ 

33.00 

k 

Off 

2 

NFS  2 

-30.93 

30.93 

kg ' s 

Pk 

DC 

+ 

33.00 

k 

Basic 

3 

NES_3 

-31.58 

31.58 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Basic 

4 

NES  4 

-30.00 

30.00 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

5 

NES_5 

-31.25 

31.25 

kg ' s 

pk 

DC 

33.00 

k 

Basic 

6 

NES_6 

-30.30 

30.30 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

7 

NES_7 

-28.57 

28.57 

kg’s 

pk 

DC 

+ 

33.00 

k 

Basic 

8 

NF.S_8 

-28.30 

28.30 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Basic 

9 

XXX  9 

-55.56 

55.56 

kg’  s 

pk 

GND 

+ 

33.00 

k 

Off 

10 

NES  10 

-30.61 

30.61 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

11 

NES  11 

-31.58 

31.58 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

12 

NES  12 

-28.30 

28.30 

kg’  s 

pk 

DC- 

+ 

33.00 

k 

Off 

13 

NES  13 

-27.78 

27.78 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

14 

NES_14 

-30.61 

30.61 

kg’  s 

pk 

DC 

+ 

33.00 

k 

Off 

15 

NES  15 

-8.929 

8.929 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

16 

ROC_16 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

17 

ROC  17 

-55.56 

55.56 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Off 

18 

ROO_l  8 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

19 

ROC_19 

-55.56 

55.56 

kg ' a 

Pk 

DC 

+ 

33.00 

k 

Off 

20 

ROC_20 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

lgineering 

Units  Scaling 

XXX_1 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

NES_2 

0 

+ 

10.309 

k 

* 

Voltage 

(g's 

pk) 

NES_3 

0 

+ 

10.526 

k 

♦ 

Voltage 

(g's  pk) 

NES_4 

0 

+ 

10.000 

k 

* 

Voltage 

(g's  pk) 

NES_5 

0 

+ 

10.417 

k 

* 

Voltage 

(g's 

pk) 

NES_6 

0 

+ 

10.101 

k 

* 

Voltage 

(g's  pk) 

NES_7 

0 

+ 

9.5238 

k 

* 

Voltage 

(g's  pk) 

NES  8 

0 

♦ 

9.4340 

k 

* 

Voltage 

(g's 

pk) 

XXX_9 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

NES_10 

:: 

+ 

10.204 

k 

* 

Voltage 

(g's 

pk) 

NES_.11 

0 

+ 

10.526 

k 

* 

Voltage 

(g's 

pk) 

NES_12 

0 

+ 

9.4340 

k 

* 

Voltage 

(g's  pk) 

NES_13 

0 

+ 

9.2593 

k 

* 

voltage 

(g's 

pk) 

NES_14 

0 

+ 

10.204 

k 

* 

Voltage 

(g's 

pk) 

NES  15 

0 

+ 

8.9286 

k 

* 

Voltage 

(g’s 

pk) 

ROC_16 

■J 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC_17 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC_18 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC_l 9 

0 

+ 

9.2593 

k 

* 

voltage 

(g's  pk) 

ROC__2  0 

0 

+ 

9.2593 

k 

* 

voltage 

(g’s 

pk) 

Trigger  Settings 
Auto  Trigger: 


Off 
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TEAM256  SETTINGS 


Date:  05-17-2013 
Time:  08:30:27 


************************  GLOBAL  settings  ************* 


************ 


Storage  Path: 
Filename: 

File  Number: 
Settings  Path: 
Settings  File: 
Export  Path: 
Export  Format : 
Average  Blocks : 
Between  Cursors : 


C:\TEAMPRO 

Data 

001 

C:\TEAM256 
NES109 . SET 

D : \ ATE ST \ NESC_3 \NESTl - 0 9 \ RAWDAT-1 

FAMOS 

No 

No 


**************** 


RECORDER  SETTINGS 


******** 


BE1 

Frequency  A : 

Pre  Trigger  : 

Segment  A : 

Number  of  Blocks  : 
Digital  Event  Channels 


1.0000  MHz (Internal ) 

48000  Samples  (48.00  ms) 
1000576  Samples  (1.001  s) 

1 


Analog  Channels  : 
Nr . Name  Min 

Max 

Units 

Coup. 

Amp . 

Filter 

Trigger 

1 

XXX_1  -6.000 

6.000 

kg'  s 

pk 

GND 

+ 

33.00 

k 

Off 

2 

NES  2 -28.85 

28.85 

kg’s 

pk 

DC 

+ 

33.00 

k 

Basic 

3 

NES  3 -30.93 

30.93 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Basic 

4 

NES  4 -31.25 

3i.25 

kg’  s 

pk 

DC 

+ 

33.00 

k 

Basic 

5 

NES_5  -27.78 

27.78 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Basic 

6 

NES  6 -28.04 

28.04 

kg’s 

pk 

DC 

+ 

33.00 

k 

Basic 

7 

NESJ7  -30.30 

30.30 

kg's 

pk 

DC 

+ 

33.00 

k 

3asic 

8 

NES_8  -30.61 

30.61 

kg’  s 

Pk 

DC 

+ 

33.00 

k 

Basic 

9 

XXX_9  -6.000 

6.000 

kg's 

pk 

GND 

+ 

33.00 

k 

Off 

10 

NES  10  -28.04 

28.04 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

11 

NES_11  -27.03 

27.03 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

12 

NES  12  -31.58 

31.58 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Off 

13 

NES  13  -30.61 

30.61 

kg's 

Pk 

DC 

+ 

33.00 

k 

off 

14 

NES  14  -27.27 

27.27 

kg's 

Pk 

DC 

+ 

33.00 

k 

Off 

15 

NES  15  -8.929 

8.929 

kg  ‘ s 

Pk 

DC 

+ 

33.00 

k 

Off 

16 

ROC  16  -55.56 

55.56 

kg ' s 

pk 

DC 

+ 

33.00 

k 

Off 

17 

ROC  17  -55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

18 

ROC  18  -55.56 

55.56 

kg'  s 

Pk 

DC 

+ 

33.00 

k 

Off 

19 

ROC  19  -55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

20 

ROC_2 0 -55.56 

55.56 

kg*  s 

pk 

DC 

+ 

33.00 

k 

Off 

igineering 
XXX_1  0 

Units  Scaling 
+ 1.0000  k * 

Voltage 

(g’s 

pk) 

NES_2 

0 

+ 

9.6154 

k 

+ 

Voltage 

(g's 

pk) 

NES_3 

0 

10.309 

k 

* 

Voltage 

(g’s 

pk) 

NES  4 

0 

+ 

10.417 

k 

* 

Voltage 

(g‘  s 

pk) 

NES_5 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

NES_6 

0 

+ 

9.3458 

k 

* 

Voltage 

(g‘  s 

pk) 

NES_7 

0 

+ 

10.101 

k 

* 

Voltage 

(g's 

pk) 

NES_8 

0 

+ 

10.204 

k 

* 

Voltage 

(g’s 

pk) 

XXX_9 

0 

4- 

1.0000 

k 

* 

Voltage 

(g's 

pk) 

NES  10 

0 

+ 

9.3458 

k 

* 

Voltage 

(g’ s 

pk) 

NES_.11 

0 

+ 

9.0090 

k 

* 

Voltage 

(g's 

pk) 

NES_12 

0 

+ 

10.526 

k 

* 

Voltage 

(g’s 

pk) 

NES  13 

0 

+ 

10.204 

k 

* 

Voltage 

(g's 

pk) 

NES_14 

0 

+ 

9.0909 

k 

* 

Voltage 

(g’s 

pk) 

NES_15 

0 

+ 

8.9286 

k 

* 

Voltage 

(g's 

pk) 

R0C_16 

6 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC_17 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC  18 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

R0C._19 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC_2  0 

0 

9.2593 

k 

+ 

Voltage 

(g's 

pk) 

Trigger  Settings 
Auto  Trigger: 


Off 
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TEAM256  SETTINGS 

Date : 05-29-2013 
Time:  08:21:10 


*********** 


**  GLOBAL  SETTINGS  ************************* 


Storage  Path: 
Filename: 

File  Number: 
Settings  Path: 
Settings  File: 
Export  Path: 
Export  Format : 
Average  Blocks: 
Between  Cursors: 


C: \ TEAMPRO 
Data 
001 

C: \TEAM256 
NES110.SET 

D : \ATEST\NESC_3\NESTl-10\RAWDAT-'l 

FAMOS 

No 

No 


***** 


************** 


RECORDER  SETTINGS  ************************ 


BE1 


Frequency  A : 

Pre  Trigger  : 

Segment  A : 

Number  of  Blocks  : 
Digital  Event  Channels 


1.0000  MHz (Internal) 

48000  Samples  (48.00  ms) 
1000576  Samples  (1.001  s) 

1 

0 


Analog  Channels  : 
Nr . Name  Min 

Max 

Units 

Coup. 

Amp . 

Filter 

Trigger 

1 

XXX_1 

-6.000 

6.000 

kg'  s 

pk 

GND 

♦ 

33.00 

k 

Off 

2 

NES_2 

-30.93 

30.93 

kg'  s 

pk 

DC 

+ 

33.00 

k 

3asic 

3 

NES_3 

-31.58 

31.58 

kg'  s 

Pk 

DC 

+ 

33.00 

k 

Basic 

4 

NES„4 

-30.00 

30.00 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

5 

NES_5 

-31.25 

31.25 

kg's 

pk 

DC 

+ 

33.00 

k 

Basic 

6 

NES_6 

-30.30 

30.30 

kg'  s 

Pk 

DC 

+ 

33.00 

k 

Basic 

7 

NES_7 

-28.57 

28.57 

kg'  s 

pk 

DC 

33.00 

k 

Basic 

8 

NES_8 

-28.30 

28.30 

kg'  s 

Pk 

DC 

+ 

33.00 

k 

Basic 

9 

XXX_9 

-6.000 

6.000 

kg's 

pk 

GND 

+ 

33.00 

k 

Off 

10 

NES  10 

-30.61 

30.61 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

11 

NES_11 

-31.58 

31.58 

kg ' s 

Pk 

DC 

+ 

33.00 

k 

Off 

12 

NES  12 

-28.30 

28.30 

kg’s 

pk 

DC 

+ 

33.00 

k 

Off 

13 

NES  13 

-27.78 

27.78 

kg’s 

pk 

DC 

+ 

33.00 

k 

off 

14 

NES_14 

-30.61 

30.61 

kg'  s 

pk 

DC 

+ 

33.00 

k 

Off 

15 

NES  15 

-8.929 

8.929 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

16 

ROC  16 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

17 

ROC„17 

-55.56 

55.56 

kg's 

Pk 

DC 

+ 

33.00 

k 

Off 

18 

ROC_l 8 

-55.56 

55.56 

kg’s 

Pk 

DC 

+ 

33.00 

k 

Off 

19 

R0C_19 

-55.56 

55.56 

kg's 

pk 

DC 

+ 

33.00 

k 

Off 

20 

ROC_20 

-55.56 

55.56 

kg's 

Pk 

DC 

+ 

33.00 

k 

Off 

Engineering  Units  Scaling 


XXX_1 

0 

+ 

1.0000 

k 

* 

Voltage 

(g's 

pk) 

NES  2 

0 

+ 

10.309 

k 

* 

Voltage 

(g’s 

pk) 

NES_3 

0 

+ 

10.526 

k 

* 

Voltage 

(g’s 

pk) 

NES_4 

0 

+ 

10.000 

k 

* 

Voltage 

(g's 

pk) 

NES  5 

0 

♦ 

10.417 

k 

★ 

Voltage 

(g’s 

pk) 

NES_6 

0 

+ 

10.101 

k 

* 

Voltage 

(g’s 

pk) 

NES_7 

0 

+ 

9.5238 

k 

* 

Voltage 

(g’s 

pk) 

NES  8 

0 

+ 

9.4340 

k 

* 

Voltage 

<g’ s 

pk) 

XXX  9 

0 

+ 

1.0000 

k 

* 

Voltage 

(g’s 

pk) 

NES_10 

0 

+ 

10.204 

k 

* 

Voltage 

(g's 

pk) 

NES_1 1 

0 

+ 

10.526 

k 

* 

Voltage 

(g's 

pk) 

NES  12 

0 

+ 

9.4340 

k 

* 

Voltage 

(g's 

pk) 

NES_JL3 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

NES  14 

0 

+ 

10.204 

k 

* 

Voltage 

(g’s 

pk) 

NES  15 

0 

+ 

8.9286 

k 

* 

Voltage 

(g’s 

pk) 

ROC_16 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC_17 

0 

+ 

9.2593 

k 

* 

Voltage 

(g's 

pk) 

ROC_18 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

R0C_19 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

ROC  20 

0 

+ 

9.2593 

k 

* 

Voltage 

(g’s 

pk) 

Trigger  Settings  : 

Auto  Trigger:  Off 
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